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CHAPTER I. INTRODUCTION 
Agriculture in the past has contributed substantially to the 
economy of Nigeria and it is expected to play a major role in the 
economic development of the country in the future. Before the advent 
of petroleum production, agricultural output provided the major source 
of Gross Domestic Product. The need for food, coupled with a low 
level of efficiency in Agricultural production, requires that most 
of the labor force and land resources in Nigeria be engaged in 
agriculture. Hence, approximately 70 percent of the country's popu­
lation is estimated to derive its livelihood from agriculture (18). 
Nigerian agriculture shares the common characteristics of low 
income generation, an extremely low level of labor productivity and 
a lack of institutions for capital basis with those of other develop­
ing countries. Contrary to increased growth forecast in Table 1.1, 
the rate of growth in productivity in agriculture is either stagnant 
or declining. Specifically, using 1964/65 as the base 
period, Ojo illustrated how the index of production of main food 
crops has failed to increase substantially between 1968 and 1975 
while the index of food imports rose from 105 to 271 for the same 
period (Table 1.2). This type of evidence has given rise to some 
concern for agricultural development and cast some doubt on whether 
agriculture can continue to fulfill the expected twin goals of 
employment generation and provision of food and raw materials for 
the growing population. 
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Table 1.1. Annual sectoral growth rates of the Gross Domestic Product 
at current factor cost^  
Percent 
average 
annual 
growth 
rate 
Sector 1975-76 1976-77 1977-78 1978-79 1979-80 1975-80 
1. Agriculture, 
forestry and 
fishing 9.7 10.8 10.2 10.0 9.9 10.1 
2. Mining and 
quarrying 10.4 10.3 10.9 11.2 11.9 11.0 
3. Manufacturing 
and crafts 21.6 26.3 29.4 30.8 33.7 28.3 
4. Electricity and 
water supply 17.9 17.9 24.3 24.7 25.5 22.1 
5. Building and 
construction 28.2 31.6 32.5 35.3 35,1 32.5 
6. Distribution 16.6 18.0 20.5 22.2 23.0 20.1 
7. Transport and 
communication 19.2 22.9 25.7 29.6 31.4 25.8 
8. General govern­
ment 15.0 15.0 20.0 20,0 20,0 18.0 
9. Education 19.0 21.0 22.0 23.0 24.0 21.8 
10. Health 18.0 19.0 21,0 21,0 21.0 20.0 
11. Other services 13.8 15.5 17.3 19.0 19,7 17,1 
12. Aggregate annual 
growth rate 13.0 14.2 15.6 16.8 18.0 15,5 
S^ource; Federal Republic of Nigeria (22). 
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Table 1.2. Index numbers of crop production and food imports: Nigeria 
1960-1975* 
Index of quantity 
Index of crop of food imports 
production into Nigeria 
Year (1964/65=100) (1965=100) 
1961 82 105 
1962 92 106 
1963 92 108 
1964 103 98 
1965 100 118 
1966 102 lOG 
1967 89 132 
1968 89 99 
1969 80 74 
1970 90 115 
1971 94 150 
1972 87 214 
1973 63 204 
1974 72 234 
1975 82 199 
1976 82 271 
S^ource: Ojo ( 5 9 ) .  
The importance of agricultural development has long been recog­
nized by the Nigerian government. It is evidenced by its support for 
a number of agricultural research institutes over the years. Also, 
a very high order of national priority usually is accorded to agri­
culture in most of the national development plans. There are over a 
dozen accredited agricultural research institutes and stations located 
in various parts of Nigeria working on various, different problems 
relating to crops and livestock. One of such early established 
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institutes is the Institute for Agricultural Research (lAR), Zaria 
in northern Nigeria. Some of the work done in this institute will 
constitute the basis for this study. 
Despite the relative importance given to agriculture and a great 
amount of research efforts, the fact remains that agricultural pro­
ductivity remains very low and farm income is pitifully poor, 
especially in the food producing sector. Farming is still predominantly 
by hand methods. Many of the research findings and new technologies 
designed to improve productive efficiency have failed to impress 
farmers and the rate of adoption has been very slow for one reason 
or the other. In order to be able to motivate the farmers, it is 
important to evaluate the relevancy of the technologies and the con­
straints inhibiting their adoption. 
Problem Setting 
One way of looking at the problem of agricultural development 
in developing nations is to attribute the low productivity and con­
sequently the low farm income to the very low level of technology 
prevailing in agriculture in terms of investments in and the use of 
chemical fertilizers, insecticides, herbicides, improved seeds and 
planting materials, etc. Attempts to introduce this type of tech­
nology for example in northern parts of Nigeria not only have indi­
cated its potential to increase agricultural productivity on small 
farms, but also have revealed other technical and socio-economic 
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problems. Norman's study of farmers using an improved technology 
package for maize, sorghum and cotton showed substantial yield improve­
ments when compared with yields possible under traditional methods 
(51, 52, 53). Hays and Abalu carried out similar studies on cowpeas 
and groundnuts respectively with similar results (25, 4). These 
results are possible only when needed productive inputs such as fertil­
izer, insecticides, some form of subsidy and/or credit and extension 
education assistance are made available to the farmers. Using the 
same set of data, and with the aid of a regression analysis, Abalu 
estimated the rate of technological change as a result of using pack­
ages to be 33 percent for maize, 36 percent for sorghum, 62 percent 
for cotton, and 33 percent for groundnut. In other words, output 
per man-hour attributable to changes in technologies amounts to 8.03 
kg for maize, 4.3 kg for sorghum, 1.82 kg for cotton, and 1.84 kg 
for groundnuts (2). 
However, these studies also revealed that the use of improved 
inputs has the tendency of aggravating an already identified labor 
bottleneck problem in the May-August period and possibly creates a 
new dimension of the labor problem during the harvesting period of 
September-December (51, 52, 53, 55). This has led to the belief that 
the amount of land that the farm family can handle during the labor 
bottleneck period determines to a large extent the level of farming 
activities it can undertake for the rest of the year. 
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Another approach that can be used to bring about agricultural 
development is the development of the tools with which the farmer 
carries out his farming duties. With the big population increases in 
Nigeria, the demand for food grows every day, subsistence agriculture, 
using hand tools alone, can no longer be tolerated. There is an acute 
shortage of farm power in Nigeria. The majority of Nigerian farmers 
still use hoes and cutlasses as a means of land cultivation. Their 
use of animal power is minimal and the use and knowledge of herbicides, 
tractors and agricultural machinery is almost non-existent. Apart 
from the drudgery and fatigue involved, there is a well-defined limit 
to which the use of traditional tools can increase agricultural out­
put even when other yield increasing inputs are used. There has been 
some considerable progress in tackling the agronomic and socio­
economic constraints of agricultural development in Nigeria. It appears 
that research effort is lagging behind in the development of labor-
augmenting technology or what will be later referred to in this study 
as mechanical technology. 
In the past, the abundance of labor in developing agriculture 
was taken for granted and gave rise to the notion that farm mechaniza­
tion should be avoided because of the fear that it would precipitate 
widespread rural unemployment. The significance of the Zaria study 
lies in the revelation that during the peak work periods, the farm 
work force is not only fully employed on the farm, but that labor 
absorption at the peak times now constitutes a limiting factor to the 
overall production increases. There is some merit to the fear 
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concerning mechanization. However, the researchers must admit the 
difficult challenge of determining the most socially desirable rate 
and type of farm mechanization. This problem must be addressed because 
the mode of mechanization will have significant bearing not only on 
the rate of agricultural output but also on income and employment 
opportunities of the people in the country. 
There is a direct relationship between the farm tools and the size 
of farms. Most forms of new technology that can bring about substan­
tial increase in productivity require capital. Many farms in Nigeria 
are too small to take full advantage of economies of scale usually 
associated with the use of the new technology which is needed to give 
any meaningful return to capital invested. While the use of biological 
technology per se may aim at increasing agricultural output on the 
intensive margin, i.e. more intensive use of existing land, movement 
towards mechanical technology has a greater tendency of increasing 
productivity on the extensive margin, i.e. through an increase in 
acreage. Genuine efforts aimed at developing agriculture in Nigeria 
should, in fact, involve a combination of these two approaches. Some 
form of labor-augmenting technology is needed not only to absorb the 
additional labor requirement brought about by the adoption and use 
of the yield increasing inputs but to expand the size of the existing 
small farm units. 
Having passed through positive and hypothesis stages to under­
stand what farmers are doing and why and through normative stage to 
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determine what farmers ought to be doing, indigenous research stations, 
lAR, Zaria in particular, now embark on what is now known as 'relevant* 
technology. The idea is to initiate change studies to test the rele­
vant technology under the farmer's condition, evaluate specific pro­
grams designed to encourage changes and to test various developmental 
strategies on a small scale (54). Such studies comprise assessment 
of the profitability and relevance of improved technological package 
and sometimes comparison of results with traditional methods for the 
same set of crops without making any attempt to analyze the whole 
farming system. This study attempts to bring together results of 
some of such studies conducted by social scientists in lAR on improved 
practices for sale crops, with the objective of examining how their 
integration into the farming system will affect the producer's 
income and employment opportunities. 
Justification 
Average farm size in Nigeria is very small due to a number of 
factors outlined earlier. One of the most important economic factors 
contributing to increase in farm size in developed countries has been 
the development and adoption of capital-intensive technology. As 
capital becomes more abundant relative to labor and its relative price 
declines, capital is substituted for labor. Most of such new tech­
nology in the form of tractors and machinery are labor-saving devices 
involving fixed costs. The cost advantage can only be realized by 
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spreading the fixed cost over large units of output that can be real­
ized either in a single year on large farms or for a number of years 
on smaller farms. 
Unfortunately, the option to use such capital-intensive and 
labor-saving technology is not open to the peasant farmers because, 
for one thing, capital is about the most limiting factor of produc­
tion in peasant agriculture. Also, the fear that the use of such 
technology might cause rural unemployment is partly why the govern­
ment has been reluctant to encourage its use. Since farmers are 
faced with the need to grow in order to remain competitive both within 
farming industry and outside it, research work must help them to de­
cide how fast and in what direction they should expand their farming 
business. In cases where heavy mechanization is not feasible, research 
work is needed to develop other simple forms of labor-augmenting 
technology^  to alleviate labor constraints at the peak labor demand 
period which limits farm growth. 
Many of the planning methods previously used to address the prob­
lems of small farmers in the area under study are static in nature 
rather than considering the more important goal of developing a plan 
for the best future development of farm growth. 
As more and more technology is being introduced into the farming 
system in the area, many farmers are expected to be asking questions 
E^xamples of such technology are herbicides, oxen and ox-drawn 
equipment. 
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about how to enlarge their individual farm operations in order to take 
advantage of the new technology economies of scale and to improve 
their income positions. It is our hope that this study can provide 
guidelines as farmers strive to expand the size of their farms 
Objectives of the Study 
The objectives of this study are: 
1. To develop a dynamic linear programming model for small 
farms following improved sole cropping technology. 
2. To investigate the feasibility of integrating improved sole 
cropping into peasant farming system. 
3. To identify and compare production potential and the optimum 
growth path consistent with using different farm power 
sources, namely: (a) human labor or hand power only, 
(b) chemical weed control, and (c) oxen power. 
4. To determine the growth rates under: (a) various levels 
of family labor availability, (b) various levels of hired 
labor availability, and (c) different wage rates. 
5. To utilize the results to draw policy implications for 
agriculture. 
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CHAPTER II. LITERATURE REVIEW 
Measuring Farm Growth 
Farm growth or size is important to both the individual farmers 
and the society as a whole. Societal goal in farm size in economic 
terms is to ensure optimum efficiency in the use of resources in food 
and fiber production (10), and from the individual farmers point of 
view, farm sizes need to grow to remain competitive and protect a viable 
farm from others that are financially more aggressive. 
Farm growth is an increment in farm size. Size is a static 
concept. Growth focuses on changes in size, and the rates of growth 
represent rates of change in size over time. Hence, measures of size 
and growth are closely related. It is the time element which dis­
tinguishes the study of growth in the field of dynamic economics and 
static economics. The basic problem in literature is in deter­
mining and defining what variables are to be used to measure growth or 
size. The size or growth measure depends generally upon the objec­
tive of size comparison and growth evaluation. Managerial objectives 
differ in terms of composition, ordering and desired level of 
attainment. The differences in objectives account for the variety 
of indices that serve as rough proxies for varied managerial and 
other objectives. This has led to the use of many different defini­
tions of measures of farm growth. 
Marris (41) pointed out that there is a stable and direct rela­
tionship between volume of sales, aggregate profit and gross capital 
12 
assets. Since these three variables must all change in the same direc­
tion, and by the same proportion, it makes no difference which one is 
chosen. Therefore, he chooses to use changes in gross assets as a 
matter of convenience. 
Eddleman and Golden (20) suggest five alternative definitions 
of firm growth. They are: (1) volume of output or gross sales, (2) 
value of net returns, (3) farm size in acres, (4) owned capital, and 
(5) consumption. In the study, they defined firm growth as an in­
crease in net worth or accumulated capital. Their model was designed 
to identify the minimum starting equity position necessary to satisfy 
given levels of consumption and minimum levels of capital accumula­
tion over time. They rejected the volume of output and the value of 
net return because of fluctuations in these variables for dryland 
Texas. Farm acreage was rejected because it overlooks the amount of 
capital investments in land. 
Bailey (7) defines growth as "an increase in volume of business 
accompanied by an increase in input." This suggests that growth must 
result from an increase in the inputs in the production process. This 
will always be true only with a linear homogeneous production 
function. 
Butcher and Whittlesey (14) choose to use "gross sales per farm" 
because it is closely related to "output" variable usually associated 
with cost-output relationships. 
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Irwin says "... the principle of growth is to acquire control of 
the services of additional productive resources by paying less than 
they will earn" (32). From this statement, it can be inferred that 
Irwin would want to measure growth by the changes in the inputs used 
by the firm. This will be legitimate if it is assumed that an in­
crease in the inputs used will always result in an increase in output. 
Martin (42) studied capital accumulation and farm growth using 
six different objective functions: (1) maximize the undiscounted 
value of gross sales, (2) maximize the present value of the stream of 
returns, (3) maximize the present value of land ownership, (4) maxi­
mize the number of acres operated over all production periods, (5) 
maximize the discounted value of gross sales, (6) maximize the 
number of acres operated in the last production period, and (7) 
consumption. Martin found that the farm organization and land acqui­
sition policy was the same over the planning period for the objective 
functions except for maximizing the present value of land ownership. 
Boehlje and White's (13) farm firm model considers two objective 
functions: Maximizing the discounted stream of disposable income 
over ten years resulted in no long-term credit being used any time 
and intermediate-term credit used only four of the ten years. When 
the objective function was changed to maximize net worth at the end 
of the ten years, both long-term and intermediate-term loans were 
used to their limits. The two models gave different growth rates, 
net worth and enterprise combinations. The difference between 
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Boehlje's and Martin's results stemmed from model formulation. Martin's 
model contained only one production activity while Boehlje and White's 
model contained a number of production and investment activities from 
which can be selected. 
Johnson (33) defines firm's growth as "an increase in the worth 
of the firm." His objective function was maximization of undiscounted 
wealth over a fifteen-year period. He chose the undiscounted wealth 
because of difficulties involved in choosing appropriate discount rates. 
The above discussion shows that there is little agreement in 
literature on how to define and measure growth. Often different 
terminology is used to describe what is basically the same concept. 
One is free to choose the definition appropriate to his research prob­
lem provided he is aware of the advantages and disadvantages and impli­
cations of the definition he chooses. 
Necessary Conditions for Growth 
Bailey identifies five conditions necessary for the growth of the 
farm business: 
(1) Excess managerial capacity; He argues that.an often over­
looked condition necessary for the growth of the farm business is 
that the farmer should have surplus capacity for management and be 
willing and able to take on duties of a larger firm business. In 
relating this condition to the farmers in the area of study, it is 
very likely that many farmers will be capable and willing to take 
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additional managerial duties, but how much of such responsibilities 
can be taken is not known judging from the limited education of the 
farmers. It is hoped that a well-developed extension system can sup­
plement the inadequate farm managerial skills needed as farm size 
grows. 
(2) Profitableness of the business: Another necessary condi­
tion is that the farming enterprises undertaken must be profitable. 
In other words, there must be enterprises or profitable activities 
in which receipts on the average exceed expenses before expansion 
can take place. Fulfillment of this condition in the area under 
consideration may constitute some problems. Most cf the crops for 
which improved technological packages have been developed arc feed 
crops. Food crop prices are generally low and are accompanied by 
low incomes. There is, therefore, a limit to the degree of profita­
bility, and hence the rate of growth. 
(3) Minimum starting size: For growth to take place, a farm 
business must be large enough to support the family and also provide 
some surplus cash for expansion purposes. This condition need not 
be met if there is some source of non-farm income which can be used 
to meet exepnses or provide for expansion. Many farms in the area 
are too small and cannot qualify to expand if some form of non-farm 
income is not assumed to be forthcoming. 
(4) Some unused resources; Another condition listed is the 
existence of some unused resources. This idea is borrowed from 
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Penrose's (62) book even though Penrose does not specify it as a neces­
sary condition. Bailey argued that existence of unused resources acts 
an incentive to grow and may play an important role in determining 
the production activities to be part of the extension process. 
(5) The final condition mentioned is that the additional 
resources must be available and procurable by the firm. This is 
very important in the study area where the supply of improved inputs 
is still not we11-organized and uncertain. Also, if additional power 
and machinery services are required, they should be available in the 
forms that the farmer will be able to consider either owning or hiring 
them. 
Penrose (62) is another writer who deals extensively on condi­
tions necessary for firm growth in her book. Although she identifies 
management as one of the main factors influencing growth, she admitted 
that not every manager is willing and able to take advantage of growth 
opportunities. The fact that a manager is doing an excellent job 
in the existing firm is not a sufficient reason to think that he is 
a good candidate for a firm of bigger size. For growth to occur, 
Penrose argues that a set of production opportunities available to the 
firm must be larger than the set of production activities engaged 
in by the firm. 
Penrose classified forces that cause growth into external and 
internal factors. External factors are forces such as growing demand 
for products, technological changes as a result of new discoveries 
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and inventions, opportunities to obtain better market positions and 
so on. Internal forces, on the other hand, are related to indivisi­
bility of many inputs used by the firm. There can be cost advantage 
in purchasing large size or a given amount of resource. It is 
Penroses' belief that many unused productive services exist within 
most firms if the services rendered by the resources rather than the 
resources themselves are considered. The availability of these un­
used and seemingly free services to future production provide the 
incentive for a firm to expand in a manner which will allow it to 
use the services. 
Penrose also believes that in normal operation of a firm, new 
productive services are being created through an increase in skills 
and knowledge of how to use a given input. When a resource is 
acquired, any competent managei..ent will constantly be finding ways 
to obtain more services from the resource. Expansion of the firms 
is, therefore, largely based on the opportunity to use their existing 
productive resources more efficiently than they are being used. 
Unfortunately, there are no stock of input in form of heavy 
machineries that Penrose might have in mind in peasant agriculture. 
The two main inputs that the present farmer has control of are land 
and family labor. 
Marris (41) places emphasis on the goals or the utility system 
of corporation managers as a factor causing growth in incorporated 
firms. He feels there is a number of psychological, sociological. 
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and economic factors, such as dynamic aspirations, self-identification 
and desire for power, status, wealth and personal security which 
a manager can best fulfill by striving for growth within his own firm. 
So, manager's opportunity for improving his status and salary may 
be to promote growth within his own firm and create opportunities 
for promotion. 
Baumol (11) also shares the belief that the goals and motivations 
of a corporation and its managers lead to growth. He believes that 
possible company objectives of profit maximization or sales maximiza­
tion lead to growth as a means of achieving these goals or objectives. 
Heady (26) will argue that the existence of increasing returns 
to scale or at least constant returns to scale is both a factor neces­
sary for growth and a cause of growth. Butcher and Whittlesey (14) 
believe that most existing farms are found in sizes where cost per 
unit of output is nearing but has not yet reached the lower limit 
for economies of scale. It is the desire to move down the decreas­
ing cost curve which causes firm growth for any firm which wishes to 
hold its position relative to the optimum size or which is trying 
to reach the optimum size and finds it to be moving continually away. 
Factors Limiting the Rate of Firm Growth 
One way to view factors limiting the rate of growth is to con­
sider the absence of those conditions necessary for growth discussed 
earlier. Richardson (63) lists four factors limiting firm growth, 
namely: shortage of labor or other physical inputs, shortage of 
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finance, lack of investment opportunities, and lack of sufficient 
managerial capacity. All the above describe accurately why the scale 
of peasant farming has remained small. However, with careful plan­
ning and research, the constraints imposed by some of these factors 
can be removed over time. 
Penrose offers three explanations for limits to the growth of 
firms, and they are: managerial ability, product or factor markets, 
and uncertainty and risk. She identifies the first as internal to 
the firm, the second as external to the firm, and the third as a 
combination of both internal and external conditions. 
While new management personnel can be hired to help with the 
expansion program, the existing management staff must be used to 
hire, orient and train the new individuals. This also takes time 
away from normal management activities and planning of any expansion 
programs. 
She describes capital acquisition as a function of the 
entrepreneur so that a shortage of capital is really a shortage of 
a special entrepreneurial ability to raise capital. This is partially 
true of industrial corporations. Most farm firm organizations in 
Nigeria are mainly single proprietorships which can only raise 
capital on the basis of equity in the farm firm and very little 
consideration for managerial ability. To the extent that uncertainty 
is caused by a lack of information, this can be partly offset by 
spending additional time and managerial services gathering additional 
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information. There is still a limit on the amount of information that 
can be gathered about the future; however, this additional informa­
tion is costly both in terms of time and capital. These costs result 
in less growth than under conditions of no risk and perfect knowledge 
of the future. 
If firms operate under conditions of less than perfect competi­
tion, the demand for its products can be a very effective limitation 
on growth. 
Other limits to growth include subjective restraints many farmers 
have on borrowing large amounts of capital. This restraint is often 
part of the overall restraints which include an aversion of risk-
bearing and uncertainty. Other internal restraints of a personal 
nature are a feeling of being big enough or unwillingness to put 
forth extra work effort which might be required by an increase in 
the size of the farm business. 
Directions of Growth 
There are different choices of expansionary routes available 
to a growing firm. The choice of an expansion strategy depends on 
a number of factors. Notably the government can influence the direc­
tion of growth by the type of farms and products subsidies are 
extended to. 
One expansion policy for a farm to follow is to grow by producing 
more of the products it has been producing before. If a firm is 
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currently producing nore than one crop, expansion would mean increas­
ing the output of one or more of these products. If the markets of 
the products are still yet unsaturated, this is the easiest expan­
sionary method to follow. 
Another direction of growth is to expand by producing new product 
or products. A saturated market or one which is growing slower than 
desired would cause a firm to look for new products to fulfill its 
growth ambition. A technological breakthrough in the production of 
a particular product, thus rendering the production of such product 
more profitable, may encourage a farmer to want to extend by produc­
ing some or more of that product. An example is the recent research 
finding of the potential of maize cultivation in the northern parts 
of Nigeria. The production of other grain crops such as sorghum, 
millet and groundnuts is losing ground to that of maize. Since sorghum 
and millet have to be grown by all means because they are the staple 
food crops, expansion of farms in the study area is likely to proceed 
in the direction of growing more maize. 
Diversification may also have some advantages in itself. A 
specialized firm is highly vulnerable in an environment of changing 
technology and taste and may make more profitable use of its resources 
over time by producing a variety of products. Seasonal, cyclical 
and secular fluctuations and trends in demand for any one product 
will also contribute to a firm's decision to grow through diversifi­
cation rather than continue to specialize. 
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While valid reasons can be made that a specialized firm would 
be able to produce at a lower unit cost than a diversified firm, the 
above reasons and others may force a firm into diversification in 
its wishes to expand- Additional resources may not be available 
in the type and amount needed to expand production in the present 
line of output, or there may be some point beyond which decreasing 
returns to scale become effective for any one product. While Penrose 
argues that there are no decreasing returns to management for a firm 
with a flexible management organization that can continually adapt 
its management structure to fit the changing nature and size of the 
firm, she does admit the possibility of decreasing returns to scale 
for any one product or production activity. 
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CHAPTER III. DESCRIPTION OF FARMING SYSTEM 
IN THE STUDY AREA 
The study area is located in the Northern Guinea Savana zone 
with typical Savanna woodland vegetation. Agriculture forms the 
principal means of livelihood for over 70% of the working population 
(21). The system of cultivation relies mainly on traditional hand 
tools comprising hoes and cutlasses. The use of animal power is 
minimal and the use of heavy equipment is almost non-existent while 
fertilizer and insecticides are still sparingly used. 
Utilization of Resources^  
Land 
Land is communally owned, as in many parts of West Africa, and 
individuals only possess usufructuary rights to the piece of land 
they own. This means that individuals in the community have no right 
to part with the land they hold without the consent of others. About 
65 percent of land transfers is through inheritance. Average farm 
size in the area according to Zaria's study (48) was 3.9 ha, but 
the range was found to be between .2 ha to 21.7 ha. Farms are not 
only small but are also fragmented all over the area. Fragmentation 
tends to be accentuated by the practice of dividing fields among the 
heirs when the family head dies. This poses a problem for mechaniza­
tion if and when it is desired. It has been estimated that between 
h^is section draws heavily on the work of Norman at lAR in the 
study area. 
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4 ha to 12 ha of arable land including pasture land is required in 
northern Nigera to efficiently support a team of oxen (35). However, 
evidence abounds to show this may not be a very serious problem. 
Goddard (23) found evidence of farmers attempting to consolidate their 
fields presumably in order to avoid the inconveniences of having to 
work in several different locations during the same time period. 
Two types of farm land can be differentiated; 1) the upland 
areas or "gona" fields which support crops such as millet, sorghum, 
maize, groundnuts, and cotton during the rainy season only and (2) 
lowland or "fadama" fields which are capable of being cultivated 
throughout the year. Low land area constitutes an insignificant 
proportion total cultivated land; hence, land is used in this study 
as cropland that can support rain-fed crops. 
Labor utilization 
The Zaria study put the average family size in the study area 
at 8.6 persons amounting to approximately five consuming units. 
The family provides the bulk of the farm labor requirements on an 
average farm. In Zaria's study, 82% of the labor on the farm 
is contributed from family sources. Norman hypothesized that it 
was because, in the rural Savana areas of West Africa, there is no 
large class of landless laborers. He indicated, however, that hired 
labor input is expected to increase on larger farms (48, 49, 35). 
Studies undertaken by Abalu and Harkness (4) and Hays and Raheja (25) 
on improved technology reported less labor input contribution from 
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family sources. One reason for this is probably because these later 
studies look at only one crop technological package at a time and not 
the whole farm system comprising all the farming enterprises. 
Secondly, it has also been observed that the type of labor used depends 
on the type of operation and the farmer himself. Many farmers prefer 
to use hired labor for initial land preparation and re-ridging even 
when farmers* time is not a constraint. This is principally because 
these operations are quite difficult. 
The male adult contributes about 72% of family labor input. 
It is approximately 1130 hours per year. Less than 3 percent of 
family labor supply comes from female adults. The insignificance of 
female labor is due to the partial or complete seclusion of moslem 
married women which is widely practiced by the large moslem community 
in the area. Hired labor is used throughout the year, but a larger 
proportion is used during the peak labor demand months between May 
and August. About 50% of total labor requirement on the farm is used 
during this period compared to less than 17% of total labor input 
used during December-March period. It is often said that the amount 
of land a family can handle during the peak period largely determines 
the level of farming activities it can undertake for the rest of the 
year. An average male adult spends about 39% of his time working 
on occupations other than working on family farm. 
Capital input 
The amount of capital and the proportion of income invested in 
farm business is very low. Because land is communally owned, it is 
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generally not considered as a component of durable capital investment. 
The two main sources of capital for investment are savings and credit. 
Unfortunately, both of these have limited potential in the area. 
Savings tend to be low because incomes of the farmers are very low 
and a greater proportion of their income is spent on consumption. 
Debt aversion on the part of the farmers and the high interest rate 
charged by money lenders limit the use of funds. Since most of the 
improved technology developed to increase productivity involves sub­
stantial investments in both durable and non-durable capital goods, 
capital is considered one of the most limiting factors of production. 
The labor hiring activity is by far the most important item of cash 
expenditure on crop production. It accounts for an average of 57% 
of total cash expenses (54). Adoption of improved technology with­
out any change in farm power has the tendency of increasing labor 
requirement per hectare and consequently the quantity of labor hired. 
Since institutional credit programs have not included provision for 
hiring labor, this may well become an important constraint on the 
adoption of improved technology. 
Cropping Pattern 
The climate of the Savana zone is suitable for the production 
of a variety of crops. Cereal crops and grain legumes are the pre­
dominant crops in the area. The crops are grown either as sole 
stands or interplanted in a systematic spacial arrangement. The 
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practice of growing more than one crop together at the same time and 
on the same piece of land is called intercropping. About 75% of 
land cultivated in Zaria's study is devoted to crop mixtures. The 
merits of this system has been discussed extensively elsewhere (48, 
49, 54, 55), but it is widely accepted by researchers that this sys­
tem which is used by the farmers is usually well adapted to the 
environment and there are very sound reasons for adopting them. 
Relevant Technology 
Having described in the previous section some of the main prob­
lems in traditional agriculture,an attempt is being made to assess 
some of the different strategies being initiated to bring about changes. 
Given the constraints of the farmers, then, any technological change 
that is likely to be attractive to them has to meet the felt needs 
and overcome their felt constraints. It has been said that such 
technology should be technically feasible, siisple, economically 
profitable and dependable, socially acceptable, and the necessary 
infrastructural support system (market, credit, input availability, 
extension input, etc.) should be made available (35), 
A relevant technology understands and takes into consideration 
the deficiencies of the present system relative to what is required 
to ensure that the technology will be adopted. Two types of such 
technology relevant to the farmers of this area commonly mentioned 
and recommended are: (1) one is biological and chemical in nature. 
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i.e. in the form of improved seed varieties, fertilizer and insecti­
cide application, and improved cultural practices such as timeliness 
of farming operations like planting, weeding and spraying. This 
form of technology is directed principally towards increasing produc­
tivity per unit of land. Hence, it is otherwise referred to as 
"land-intensification" technology. (2) The other form of technology 
is the one designed to supplement or augment hand labor, hence is 
otherwise known as "labor-augmenting" technology. It can be either 
chemical or mechanical in nature but its main importance lies in 
the ability to reduce man-hour per operation. The importance of 
seasonal labor demand peak in May-August in traditional agriculture has 
been described earlier, and the labor bottleneck problem is aggra­
vated whenever farmers adopt improved technology first discussed. 
This set of relevant technology capable of overcoming the farmer's 
felt-need of seasonal peak labor bottleneck is in the form of the 
use of oxen and herbicide chemical weed control and even some form 
of tractorization where applicable. However, there are a number 
of problems which limit their use. 
Levels of Relevant Technological Packages Teste*! 
Improved technological packages have been developed and tested 
at the farmers' conditions. Such packages, which include the 
amount of chemical application, the type and time of cultural 
practices, are available for maize, sorghum, cotton, groundnuts. 
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and cowpeas. The levels and details of the technological packages 
for the various crops mentioned are well-documented in the reports 
of studies carried out by the social scientists and their technical 
counterparts in the Institute of Agricultural Research, Zaria (4, 25, 
51, 52, 53, 56). 
Labor-Augmenting Technology Packages 
The use of oxen in the study area 
The use of cattle as draught animal is common in the northern part 
of Nigeria, partly because the ecological factors are favorable for 
the technology to thrive in this part of the country. The technology 
is within the technical competence and financial means of the small 
farmers. Because of technical and economic constraints usually 
experienced with the use of tractors and equipment at this stage 
of development, animal power can be expected to become increasingly 
important on the farms if the constraints limiting its use are 
removed (35, 58). Some of the problems are as follows. 
If the farmer has not already owned cattle suitable for work 
before, availability of funds to purchase oxen and equipment can be 
a constraint prohibiting the farmer from using oxen as a beginner. 
Ridging and re-ridging are the major farm cultivations for 
which oxen are used. This is because the only ox-drawn implement 
used in the area is the emcot ridging plow which is designed and 
used for ridging and rarely used for weeding. The use of oxen in 
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this way can help to ease the labor bottleneck at the peak labor 
demand season only to some extent, until the equipment is adapted 
to perform inter-row cultivation such as weeding. Oxen can be used 
more efficiently if they can be used for crop evacuation from the 
fields during harvest. This is not feasible right now since oxen 
farmers usually do not own carts. 
The amount of work the oxen can handle is in question. The 
animals are taken out to perform heavy duties late in April or early 
May when grass, which is the major source of animal feed, is dried 
up, and the farmer is not able to provide supplementary food. This, 
therefore, leaves the animals in very poor condition when their work 
load is most demanding. 
The use of oxen is not a new technology as such. Mixed-farming 
system, which is sometimes referred to as the use of animal power, 
is widely practiced in many parts of northern Nigeria and it can be 
described as the next cultivation technique understood by small 
farmers apart from hoe cultivation. The technology is applied in 
this study as it is being practiced by the farmers themselves with­
out any amendments. 
Herbicide technology 
The use of chemical weed control in crop production process is 
automatic in developed agriculture, despite all the mechanization 
facilities available to the farmer. It is, however, hardly known 
in peasant agriculture where it is most needed because of the acute 
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shortage of farm power. Weeding is one of the most laborious and 
time-consuming operations in peasant agriculture. Even where land is 
abundant, the total output and the size of a farmer's farm would 
depend on his ability to control weeds under hoe cultivation system 
alone. Weeding is, in fact, the principal cause of the seasonal 
labor shortage during May-August of the year. The use of herbicides 
is one of the alternative methods being explored to supplement or 
replace hand weeding. This method appears to have a great potential 
on peasant farms because of the following; 
(a) The use of herbicides will not only release labor for other 
production activities but is capable of increasing crop yields through 
timely weed control. 
(b) Many small farmers will not be able to adopt sophisticated 
technology which requires heavy investment because of technical and 
economic reasons. Herbicides as a technology is labor-saving and 
yet it is relatively not capital-intensive. It is divisible and a 
farmer can purchase only the quantity he can afford. 
(c) Herbicides are ideal on very small holdings with rough 
surfaces that may be impossible to cultivate by heavy tractors and 
equipment without major stumping and re-surfacing. 
(d) Herbicides are job-specific and meet specific needs of 
weed control. It is, therefore, not likely to create problems of 
unemployment as other labor-saving, capital-intensive technology. 
Right now, herbicides face the problem of adaptive research 
and have to pass many tests in regard to safety, selectivity. 
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and effectiveness. In the future, herbicides are likely to be judged 
mainly by their costs in relation to the job they do. 
Herbicide technological package 
(a) Use Atrazine on maize and sorghum plots, Diuron on cotton 
plots, and Nitralin on groundnut plots. 
(b) Herbicide application method described here is termed 
"herbilizer." Herbilizer is a granular formulation obtained by mix­
ing fertilizer (single super phosphate) with herbicide solution. 
The main advantages of this method are: 
(1) It does not require water which is difficult to get in 
large volume in the dry season or any special equipment 
for application. 
(2) It enables the farmer to adopt other improved practices 
when fertilizer is used as the "carrier'" because fertilizer 
and herbicide can be applied at the same time. 
(c) Broadcast the herbilizer pre-weed emergence on ridges and 
farrows in late April or early May. 
Table 3.1. Crop type,rate and cost of herbicides used per hectare 
Type of Rate per Cost 
Crop herbicide hectare per kg 
Maize Atrazine 3.2 kg a.i.^  N 9.5 
Sorghum Atrazine 3.2 kg a.i. 9.5 
Cotton Diuron 1.6 kg a.i. 7.0 
Millet/sorghum Linuron .8 kg a.i. 8.0 
Groundnut Nitralin 3.2 kg a.i. 17.7 
K^g = kilograms. 
a^.i,= active ingredient. 
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CHAPTER IV. CONCEPTUAL FORMULATION OF THE MODEL 
A farm firm as a productive unit makes decisions through its 
owner or manager on what commodities to produce, how much of each 
to be produced and consumed, and how one or more of the commodities 
should be produced. The farmer, in turn, gains profit or bears loss 
which results from his decisions. The difference between his revenue 
from sales of the products and the cost of the inputs used in pro­
ducing them is his profit, if positive, or his loss, if negative. 
The generally assumed main objective of the farm manager is to make 
his profit as large as possible or his loss as small as possible. 
It is the attempt to satisfy this manager's objective and other sup­
plementary objectives that constitutes the concept of optimization 
problem. 
Many operation research methods and mathematical tools have 
been developed to effectively analyze optimization problems in the 
theory of the firm. If neo-classical-marginal analysis of the 
theory of the firm is assumed, calculus and the concept of 
simultaneous-equations are the major mathematical tools commonly 
found in micro-economics text books. Another alternative mathe­
matical tool widely used, especially to analyze normative optimiza­
tion problems, is the linear programming technique. Both neo­
classical calculus approach and linear programming approaches are 
expected to give identical results or solutions to a given optimiza­
tion problem. The main difference is in the assumptions. While the 
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objective function to be optimized is assumed to be a continuous 
function of independent variables with first and second order partial 
derivatives in the neo-classical case, both the objective function 
and the restraints are assumed to be linear functions or a set of 
linearly segmented functions of independent variables in the linear 
programming approach. 
Linear programming, however, has a variety of flexibilities and 
can be used to simulate non-linear relationships. Variants of linear 
programming can also include sensitivity or parametric models to 
test relation of price weights, technical coefficients and resource 
restraints on the selection of optimal plans. Extension of linear 
programming includes dynamic, recursive, stochastic and quadratic 
methods which allow analysis of optimization problems incorporating 
market demand, time and probability distributions. 
The goal of management is entrenched in the objective function 
of the firm. In practical situations, especially in developing agri­
culture, subsistence food requirements or some subjective family 
objectives may override the much publicized goal of profit 
maximization. Different forms of objective functions will lead to 
different patterns of investments and consequently different rates 
of farm firm growth. This is one of the reasons why determination 
of adequate variables to measure the objective function has been a 
subject of disagreement. 
Given the plausible assumptions concerning individual farm 
resources, prospective costs and returns from alternative products 
35 
and family consumptions, the general objective in this study is to 
maximize the net income. In order to accomplish this objective, the 
farm firm is assumed to have a production function which gives the 
mathematical expression of the relationship between quantities of 
inputs he «employs and quantities of outputs he produces. The usual 
theory of the firm can be extended to the multi-period case where 
the time element is incorporated into the model. This is under­
standable because production is seldom instantaneous. Time elapses 
between the application of inputs and the getting of outputs and 
the farmer in an actual situation does not operate within the frame­
work of a single period. Thus, the multi-period production function 
for an individual can be represented as follows; 
j^t • <» 
where 
= output of a single product j in period t; 
Tj^  = amount of land input required by product j in period t; 
= amount of capital required by product j in period t; and 
Lj ^ = amount of labor input required by product j in period t. 
The net income or profit from production of product j in period t 
can be written as: 
where represents price per unit of product in year t. R^ , w^ , 
and are considered the prices of annual services per unit of land, 
labor, and capital, respectively. 
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The objective of the model is to maximize the present value (PV) 
of the stream of future net returns (ir), discounted at the rate r, sub­
ject to restrictions on the levels of resources available. Formally: 
maximize 
m 
= J T:;:. (3) 
PV 
subject to 
n m i 
' IL 
(4) 
Tt = Tft + Tht (5) 
= l^ t + (6) 
K; = St_i + B; (7) 
St-l = Ct_l - »t-l (8) 
Ct = a + bTT^  (9) 
where T^ ,^ are the amounts of family owned land and family labor 
required to produce project j, while and are the amounts of 
rented land and hired labor required in period t. 
PV = Present value net returns from production activities for 
the entire planning period; 
 ^ = total net returns from production activities in year t; 
T^  = total land available in period t; 
= amount of capita used in period t; 
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= amount of borrowed capital in period :t; 
S = the amount of savings transferred from the previous year to 
be used as capital in year t; 
 ^= fixed debt repayment in the previous year; 
= consumption expenditure in year t; 
a = minimum consumption expenditure; and 
b = proportion of net income to be consumed in period t. 
If it is assumed that the farmer faces a perfectly competitive 
market in both input and output markets and land constraint, for example, 
the process of profit maximization can be set up in Lagrangian form as 
follows: 
n m 
Maxrr* =  ^ J 
t=l j=lL' 
_ t^^ jt _ t _ ^ t^ it 
n+rU (1 ): (l+r)t (i+r)t (i+r)' 
k T. 
(10) 
% = (11) 
= (12) ÔT^ J. (l+r): (l+r)t  ^' 
• -fet ^  - (i«) 7^  (") 
r • Î (14) 
t—X 
where 
•"* - total discounted net returns from all production activities 
for the entire planning period: 
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= wage rate per man-hour; and 
T = total land available for the entire planning period. 
Equation 10 is the objective function to be maximized. Equations 11 
to 14 constitute the first order derivatives of the objective function 
with respect to the individual inputs used in the production process plus 
the A, the land restriction factor. 
If Equations 11 and 12 are set equal to zero and the discounted 
value of the input prices are moved to the right hand side of the respec­
tive equations. Equations 11 and 12 imply that the discounted value of 
marginal productivity of labor and capital applied during period t with 
respect to each output must be equal to the discounted value of the input 
prices. Equation 13, if set equal to zero, will imply that the dis­
counted value of marginal producitivity of land is greater than the dis­
counted value of the price of land. This is because in this illustration 
land is in limited supply and profit can be substantially increased if 
more hectares of land are used. The same thing is true of any of the 
inputs if they are in so limited a supply that they restrict output. 
Equation 14 illustrated the fact that no more than the available land 
can be used. 
If Equations 11 to 14 are each set equal to zero and then solved 
simultaneously, the optimum quantities of labor, capital and land to be 
used to achieve the objective function of maximum profit given the 
constraints can be derived. Marginal rate of technical substitution 
between any two inputs i and j can be obtained from the first order 
conditions. For example, marginal rate of technical substitution 
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(which expresses the rate at which one input replaces the other in the 
production process as these input prices change) between labor and 
capital is given as follows from Equations 11 and 12: 
_!IE_ "T MP? 
\ as) 
(l+r)' 6k (l+r)C 
Equation 15, states that the ratios of the marginal productivities of 
the two inputs must be equal to their discounted price ratio. 
The above discussion constitutes the multi-period production deci­
sion process in the neo-classical-marginal sense. The validity of the 
above analysis is subject to the fact that the second order condition 
holds. 
Possible Alternative Analytical Techniques 
Programming techniques 
The same problem can be formulated and solved in the context of 
multi-period linear programming. 
Linear programming Linear programming (LP) is a mathematical 
technique of finding the optimal solution from a number of alternative 
choices. In other words, it can be described as a mathematical proce­
dure to maximize a linear objective function subject to a number of lin­
ear constraints. A linear programming model has three main components: 
(a) objective function which is being maximized; 
(b) activities or production processes; and 
(c) linear resource and/or personal constraints. 
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A problem of linear programming may be stated as: 
m 
Maximize Z = J C.X. j =1, 2,...m 
j=l  ^  ^
U 
Subject to y a..X. < b. 
i=i  ^
i = 1, 2,...n 
X. > 0 
J -
where 
Z = objective function of the household on net revenue, 
Xj = level of jth activity or production process, 
b^  = amount of ith resource available, 
Cj = net revenue per unit of jth activity, 
a.. = amount of ith resource required to produce a unit of jth 
acitivity 
m = number of activities, 
n = number of different resources, and 
X^ .^ 0= this second constraint forbids negative activity. 
A linear programming model is subject to restrictive assumptions of 
additivity of resources and activities, divisibility and finiteness of 
activities and resources and single-price expectation assumption which 
indicates that the parameters of the model are known for certain. 
However, several programming model modifications are available to handle 
relaxation of most of these assumptions wherever it is more realistic to 
do so. 
Multi-period linear programming approach The linear programming 
approach described above is a static or one-period model. An extension 
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of linear programming technique that incorporates time element into the 
model and is capable of showing growth or size change from one time 
period to the other is the multi-period linear programming technique. 
Multi-period linear models are widely used in many growth studies and 
agricultural finance applications. Detailed description of the applica­
tions of this model is found in (5, 12, 27, and 38). 
The technique of multi-period linear programming permits the pro­
gramming of activities and restrictions for a finite number of years. 
Outputs of any one year in the program become inputs for the following 
year. Thus, activities in each year represent the best or most profit­
able plan in terms of the specified time horizon optimum. 
A multi-period linear programming can be stated as follows: 
n k C. 
n m k 
Subjec t  to III a.. X < b 
i=l i=l t=l Jt It 
X _  >  0  
Jt -
where t = 1, 2,...k 
i = 1, 2,...m 
j =1, 2,...n 
r = discount rate. 
The variables of the multi-period model have the same interpreta­
tions as those of the basic linear programming model described earlier, 
except that the importance of time is emphasized in the multi-period 
case. The main difference is in the structure of the two models. 
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The matrices of a multi-period model are divided into subsets with 
each submatrix depicting one year or a time period. 
The input-output matrix, i.e. = matrix A, can be represented 
as follows: 
Al 
\ 
where submatrix A^  contains the input-output coefficients for the time 
periods 1, 2,...k. Multi-period LP model contains overlapping rows and 
columns to permit transfer of unused resources from one year to another. 
The variables C. , X. and b are vectors C, X and B, respectively, 
J t J t it 
in matrix notation and connote the same interpretations as defined in 
the regular linear programming model except that they are also divided 
into subvectors to reflect the period to which they belong. 
Z, the value of the objective function or discounted net returns 
in this case, gives a simultaneous solution of the program for all the 
periods taken together. Incomes earned in the succeeding years after 
the first year are discounted with the appropriate discount rate to 
reflect the time value of money. This technique assumes that prices, 
yields and technical coefficients are known or can be determined for 
each of the future time periods. 
The condition Xj^  > 0 guarantees that no activity is carried on 
at a negative level. 
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This technique is sometimes erroneously called dynamic programming. 
A distinction must be made between multi-period or dynamic linear 
programming and dynamic programming. Basically, the term dynamics 
involves movements through time. For a firm, dynamics deals with 
deriving an optimal time path from its present state to another state 
which Barry calls a "terminal state" (16). The path is optimal with 
respect to the firm's objectives. The time path implies the sequential 
nature of decision-making in that decisions in respective time periods 
depend on preceding events and on expectation in succeeding events. 
Dynamic programming is used to describe any technique suitable for 
solving certain multi-stage problems where time may or may not be 
involved. On the other hand, dynamic linear programming is an appli­
cation of linear programming technique to solve problems that involve 
more than one time period. These two concepts differ greatly from 
the static analysis of profit maximization for a given-sized firm 
or the comparative statics of different sizes of firms. 
The problem with multi-period programming analysis is the use 
of the concept of net present value. Computation of net present 
value involves discounting of future incomes and costs by a discount­
ing factor called the discount rate. The difficulty arises in the 
choice of discount rates. A high discount rate gives too much advantage 
to projects with quick income turnover than those with longer gesta­
tion period, while a lower discount rate does the opposite. So, 
the choice of discount rate can influence the choice of projects 
that get to be carried out. There are arguments in literature in 
44 
favor of both high and low discount rates. We are using 6% discount 
rate in this study because that is close to what is assumed to cost 
to borrow a naira in the area. 
Dynamic programming Dynamic programming is an offshoot of 
optimal control theory. Its more popular and useful applications 
have been in the physical sciences where laws of motion through time 
and space hold far more exactly than in the social sciences, Minden 
(46) has shown how dynamic programming can be used in farm growth 
research. The multi-stage aspect of dynamic programming easily adapts 
to a growth model by referring to each time period as a stage. Minden, 
however, noted that its use in actual growth models is severely 
limited because of the enormous computations required despite the 
fact that there is no standard algorithm for solving dynamic program­
ming problems at the present time. 
Recursive programming Another programming technique usually 
associated with dynamic programming to solve farm growth problems 
which incorporate time into the model is the recursive (dynamic) 
programming. Day (18) developed the fundamentals of recursive pro­
gramming and its application to predict crop production response. 
Heidhues (29) used a similar model to analyze the effects of EEC^  
policy alternatives on different farms in northern Germany between 
1964-65 and 1969-70. Heidhues defines recursive programming as "a 
sequential optimizing rule with a functional relationship between 
any given period or preceding periods." Like dynamic programming, 
E^EC = European Economic Community. 
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it uses sequential optimization to explain behavior. This feature 
makes it applicable to a wide variety of dynamic problems in economics, 
because recursive systems can be solved sequentially with known mathe­
matical algorithms (18). Starting with given initial conditions, 
one can use the solutions for each period to compute parameters of 
succeeding periods (18). 
A linear recursive programming model of farm growth can be repre­
sented in matrix notation as: 
Maximize C(t)X(t) = Z(t) 
Subject to A(t)X(t) £ B(t) 
X(t) > 0 
where 
Z(t) = value of the objective function in period t, 
C(t) = n-dimensional vector of coefficients of the objective 
function, 
X(t) = n-dimensional vector of the level of activities for 
period t, 
A(t) = m X n matrix of technical and institutional structure 
of production, and 
B(t) = vector of available resources and/or potentially 
available. 
Given that we now have a series of linear programming models, 
one for each time period, and the elements in any vector B(t) are 
dependent on the optimum values of the preceding year. This rela­
tionship can be represented as: 
BCt) = f(B(t-l), X*(t-1) +V(t)). 
This implies that the resource restrictions in period t are determined 
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by the resources available in the previous time period and the optimal 
activities (X*) for the linear programming solution for the preceding 
time period. V(t) permits external interferences in resource restric­
tions such as gifts, inheritance or natural disaster. Elements in 
C and A can vary from time to time to reflect changes in price expecta­
tion and technology. 
The difference between multi-period linear programming technique 
and the recursive programming approach is that the former gives an 
optimal solution for the entire planning period while the latter 
approach provides a sequence of optimal solutions, one for each time 
period. While the sequential solutions satisfy the maximization 
requirements for each time period, they do not necessarily satisfy 
the optimal conditions for the entire planning period considered 
together. 
Integer programming One shortcoming of programming techniques 
that are already discussed is the assumption of complete divisibility 
of variables. The problem of indivisibility often arises in firm 
growth models because many activities are in actual situations not 
perfectly divisible. Customs, physical characteristics may dictate 
that the minimum level of some variables must be in discrete units. 
For instance, acquisition and utilization of a fraction of an ox is 
impossible in the practical sense. Integer programming is an alterna­
tive programming technique developed to handle problem situations 
where all or some of the variables are restricted to integer values. 
If all variables are restricted to integers, it is called pure-integer 
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problem and if only some variables are restricted to integers, it is 
known as mixed-integer problem (5). 
Specification of integer programming problem is the same as that 
of regular linear programming except that all or some of the activi­
ties Xj must be integers. Integer programming procedure is relatively 
more expensive than the ordinary LP models as it requires more 
computer space. This has limited its use. 
Simulation approach 
Once a model has been constructed and perfected, a process of 
experimentation can be undertaken to provide insights into a variety 
of relationships (12). This process is referred to as simulation. 
This approach attempts to simulate the behavior of a farm household 
over time. Simulation has a number of advantages; simulation is 
a suitable technique when the decision process is so complex that 
it cannot be handled by a single analytical procedure (32) . It is 
also possible to identify the effects of changes in key parameters 
of the system by making suitable changes in the model and observing 
the resulting outcome. 
Furthermore, when a problem under investigation involves exami­
nation of relationships over time, the data required by other tech­
niques may not be available. A simulation model can be used to 
generate the necessary sequences of data on the system's behavior, 
which can then be analyzed by other techniques. 
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Summarizing the advantages of simulation approach, Naylor (47) 
has this to say: 
Although it may be conceptually possible to formulate a 
mathematical model describing the behavior of a dynamic, 
multi-process firm operating under uncertainty, present-
day mathematics is simply incapable of yielding a solution 
of this magnitude. 
Naylor also argues that such circumstances will lead a researcher to 
resort to simulation techniques in order to obtain not only a solution 
to such a problem of great magnitude, but also to incorporate 
greater complexity and greater realism into the analysis than it 
is possible by other techniques. 
The main disadvantage of simulation model technique is that 
it does not guarantee an optimum solution as compared with solutions 
generated by the multi-period and recursive linear programming 
techniques. 
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CHAPTER V. APPLICATION OF THE MODEL 
The analytical technique used in this study is the multi-period lin­
ear programming. Three alternative sources of farm power are analyzed. 
They comprise: human labor only or hand power, use of herbicides, 
and oxen power- Therefore, there are three basic linear programming 
tableaus, one for each power source containing equal numbers of the 
same production activities but with different resource requirements 
to indicate the differences in technology. Each of the models contain 
five time periods, each one year in length. The five-year period is 
chosen as suitable because it is hypothesized that substantial re­
covery of benefits would have been derived from investments in fixed 
cost items. For example, purchase of oxen and equipment. 
If the objectives of the enormous research efforts mounted in the 
area of study are materialized, the technology and the structure of 
farming system are expected to undergo some rapid changes to render 
the technologies now being considered somewhat out-dated after five 
years. For a starting young farmer, a five-year period of experi­
mentation in farming is sufficient to convince him of the opportuni­
ties he may have in farming as a career. Virtually all the national 
development plans that have been drawn up for Nigeria for the past 
two decades are for five-year duration. Both government and World 
Bank agricultural development projects, e.g. Funtua Development 
Project in the area, are executed for five years. 
50 
Description of the Models 
There are six basic models in this study; Models lA, IIA, IIIA, 
IB, IIB, and IIÎB. The Roman figures indicate the type of farm power 
or technology used, while the affixed capital letters indicate a dif­
ferent set of objectives being maximized. Model lA assumes the use 
of hand tools only in crop production process. Model IIA assumes 
supplementing hand labor with the use of herbicides, and Model IIIA 
assumes the use of oxen and implements. The objective function being 
maximized by the A models is the discounted value of returns from the 
most profitable crop or combination of crop production activities-
The value of grains that the fanner and his family have to consume 
whether or not he produces them are deducted from the annaul incomes. 
Since the assurance of some minimum level of consumption of some 
food crops is important to the farmer for nutritional, subsistence 
purposes or for mere taste preferences, some crops must be produced 
to meet food consumption requirements. The "food-first'" attitude can 
be carried to the extent that the farmer only sells his crops and 
produces other non-food crops only after the minimum family require­
ment is fulfilled. Therefore, constraints are placed on the produc­
tion of crop activities of basic A models to construct other basic 
B models. 
Models IB, IIB, and IIIB also assume the same respective produc­
tion techniques as in models lA, IIA, and IIIA, While the objective 
functions in the B models are also to maximize the discounted value 
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of streams of incomes, there is the proviso that maize cultivation 
in any year cannot exceed half of the total land area available, that 
a minimum of 1.2 ha of sorghum and .2 ha of cowpeas must be produced 
annually for subsistence and nutritional reasons. 
There are also three variations of each of the basic models. 
The first variation has to do with the hypothesis that an increase 
in family labor supply during the peak demand season is capable of 
solving labor shortage problems in these periods. Models lAl, IIAl, 
IIIAl, lABl, IIBl, and IIIBl retain all the assumptions of the respec­
tive basic models plus the condition that family labor supply during 
May-August and September-December seasons be increased each by 300 
man-hours of labor. 
The second involves the demand for hired labor. One good justi­
fication for the use of labor-augmenting technology such as herbicides 
and oxen and ox-drawn equipment is the possibility of higher wage 
rates relative to the cost of acquiring and using these technologies. 
Models IA2, IIA2, IIIA2, IB2, IIB2, and IIIB2 share other assumptions 
with their respective basic models except that the wage rates are 
assumed to be 30k higher than those of the basic models. 
It has often been claimed that the amount of labor a farmer 
can provide at the peak labor demand period of May-August determines 
the overall amount of farming activities that can be carried out 
for the rest of the year. In testing the validity of this statement 
under different farm power sources. Models, IA3, IIA3, IIIA3, IB3, 
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IIB3, and IIIB3 assume that the maximum amount of hired labor allowed 
during the months May-August should not exceed 500 hours in addition 
to all other assumptions of the basic models. 
Production Activities 
Each of the basic models IIIA, IIIB for oxen power technology, 
contains 120 activities and 111 constraints while each of the models 
lA, IB, IIA, IIB contains 113 activities and 104 constraints. The 
difference is due to oxen purchase, borrowing of intermediate loans 
and repayment activities that are peculiar only to the ox-using produc­
tion technique. 
The basic programming activities which compete for the scarce 
resources are crop enterprises and household consumption. The crop 
activities consist of maize, sorghum, cotton, groundnuts, and cowpeas. 
Each of these crop enterprises are produced under known improved 
technological packages (4, 25, 51, 52, 53, 56) and each analyzed 
under three alternative power sources. Crop rotation is not con­
sidered specifically because many farmers do not follow any specific 
sequence of crops from year to year. Instead, they produce those 
crops that they think will maximize profits for that year after taking 
into consideration weather conditions, family food requirements and 
expected prices. 
Livestock enterprises are not included in the models because, 
for one thing, enough information is not available to do so. 
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Secondly, in the area of study, livestock and crop enterprises are 
generally not integrated. Usually fanners who raise livestock, espe­
cially cattle, do not grow crops on the same farm and vice versa. 
Occasionally, crop farmers do own cattle, but they leave the custody 
of the animals to the Fulani cattlemen who specialize in rearing 
their own cattle plus those of others for some monetary or material 
compensation. The unit of each of the crop activities is one hectare 
(ha) which is equivalent to 2.5 acres. 
Consumption Activities 
The distinction that can be drawn between the concepts of a farm 
and a firm is that a farm includes household as well. On most farms, 
capital decisions in the firm compete directly with household options 
and are constrained by household commitments. Therefore, models 
for studying growth must incorporate household as well as firm aspects 
of farm structure and behavior. In the light of this statement, not 
all operating capital is available for crop production, a deduction 
for household consumption expenses is made. The deduction for family 
living expenditure is assumed to represent cost of maintaining a 
family of two adults and three children. 
An elementary consumption function of the nature, C = a + bY, 
is integrated into the models. A minimum of N250 is required as a 
fixed consumption expenditure each year. This figure is regarded as 
the value of grains needed for consumption. The estimate is arrived 
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at from a study in the area which estimates average per capita grain 
consumption to be 360 kilograms per year (64). Where a = *250 in 
this case and b = marginal propensity to consume out of income is 
assumed to be .5. Two studies conducted in Kano State, a neighboring 
state to the area of study in Kaduna State with similar situations oy 
Matlon and Crawford (17, 43), estimated marginal propensity coeffi­
cient to be approximately .5. 
Land Renting Activities 
Before growth can take place, a growth model must provide for 
the possibility of acquiring the additional productive resources 
needed to expand the production activities. In a model where there 
are no livestock activities, future expansion is likely to be in the 
nature of increase in acreage. For expansionary purposes, therefore, 
a land renting activity is included in the models to rent not more 
than 2 ha in each subsequent year after the first, A two-hectare 
land renting is imposed to make the model more realistic and within 
the capabilities of a small peasant farmer. It is also assumed that 
any piece of land once rented can be used without additional renting 
cost until the end of the planning horizon. 
Labor Hiring Activities 
Three labor hiring activities each year are considered to sup­
plement family labor whenever it is necessary during any of the 
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distinguished seasons. In the first set of models, no restriction 
is placed on the amount of labor that can be hired. This is based 
on the assumption that physical supply of hired labor only might not 
determine the amount utilized, but the funds available to hire labor 
input. A limit is placed on the amount of labor that can be hired 
in later models in recognitition of the fact that the amount of labor 
available to hire in a locality may be limited. Labor hiring activi­
ties are assumed to take place at the local wage rate of 21 k per 
hour. 
Capital Borrowing Activities 
The amount of capital emanating initially from the farm operator 
himself is about the most limiting factor of production. Capital 
borrowing activity permits the farmer to expand the amount of capital 
he actually owns. Borrowing activities are included in unrestricted 
amounts in order to examine the potential for expansion under the 
three methods of farm power when capital is not limiting. Traditionally, 
farmers obtain their loans from friends and relatives. No formal 
loan program really exists for the small farmers. However, govern­
ment programs sometimes extend short-term loans to farmers in kind 
to purchase improved inputs such as fertilizer and pesticides. 
A medium-term capital borrowing activity is included in the 
first year only in the farm models IIIA and IIIB with oxen power to 
purchase a pair of oxen and implements. The oxen and equipment 
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purchased during the first year are assumed to be available for use 
for the remaining years of the program. Operating capital requirement 
is seasonal. Hence, three capital borrowing activities are included 
each year to augment family-owned capital to meet seasonal cash 
requirements. Interest is assumed to average 7% per annum on borrowed 
capital. Seven percent is equivalent to the rate that is charged 
on short-term and medium-term loans by the agricultural credit corpora­
tion in the southern parts of the country. The agricultural bank 
located in Kaduna State, which is also the study area, seldom grants 
loans to small individual farmers. A unit of this activity is mea-
1 
sured in one naira. 
Capital Transfer Activities 
Equity is an important managerial objective of growth especially 
in a place where outside credit is scarce. It represents the net 
capital accumulation of the owner in farm resources. The models per­
mit costless transfer of capital within a year from one season to 
the other and inter-year transfer from one year to the next. Such 
equity capital transferred from farm business is a surplus of net 
income over the family consumption expenses in a given year. Since 
the marginal propensity to consume out of income is assumed to be .5, 
it follows in this case that the proportion of income transferred 
O^ne naira = U.S. $1.8 (1979/80). 
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from one year as capital investment for the next is .5. This coef­
ficient is constant throughout the planning horizon. 
Loan Repayment Activities 
The intermediate loan to finance the purchase of oxen and imple­
ments is scheduled to be repaid in equal installments over five years. 
Annual capital borrowed for operating expenses must be repaid in full 
at the end of the year in which it is used. Since the loans are 
raised to finance annual crop enterprises, which are assumed to 
generate income within one year, the loans should therefore be self-
liquidating in the same year. In order to enforce repayment obliga­
tions as scheduled, a strict equality constraint is placed on each 
repayment activity. 
Selling Activities 
In traditional agriculture, although the bulk of the products 
produced on the farms is consumed at home, farmers in this area are 
for a long time used to commercial economy by selling those items in 
excess supply of family needs or that are not needed by the household. 
Consequently, there is selling activity for each crop production 
activity included in the models. 
58 
Prices 
The product prices used in this study area are in Table 5.1. 
Prices for the commodities produced are average farm-gate prices 
operating in the study area during the period 1976/1977, a time when 
most of the field studies from where the data used in this study were 
undertaken. 
Table 5.1. Summary of prices used 
Item Unit Price 
Outputs: , 
Maize kg^  20 k 
Sorghum kg 20 k 
Cotton kg 31 k 
Groundnuts kg 30 k 
Cowpeas kg 32 k 
Inputs: 
Fertilizer kg 8k 
Chemicals (herbicides): 
Maize kg 5» 9.5 
Sorghum kg 8,9 
Cotton kg 7.4 
Groundnut kg 17,7 
Oxen and equipment — 605 
= kilograms. 
k^ = kobo; one kobo = NO.01 or 100 k = one naira. 
Farm Resource Situations and Restrictions 
Since farm resources are never present in unlimited supplies, it 
is necessary to define those restrictions which limit the plan in each 
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farm model situation analyzed. The resource endowments which can 
limit the optimum time plan are the following. 
Land 
Land and labor are generally considered the two most important 
inputs of traditional agriculture since capital is usually present 
in very limited amounts. The basic growth models are designed for 
the average small peasant farmer who wishes to and is capable of 
expanding his present scale of farming business. In order to be 
realistic, expansion plans must be gradual and the size of operation 
should be within both the financial and managerial competence of the 
farmer. The average farm size in the area is approximately 4 ha. 
An average farm deriving part of its farm power from the use of oxen 
is one of the situations we intend to analyze. Davies (in a personal 
discussion with Norman) has suggested that in order to efficiently 
support a team of oxen, about 4-12 ha of arable land are required. 
It is, therefore, logical to start off with the initial land restraint 
of 4 ha for the first year of the planning period. 
For expansionary purposes, provision is made to rent not more 
than 2 ha in each succeeding year after the first one. At present, 
individual farmers only possess usufructuary rights to the use of land. 
The land ownership is still largely vested in the community. Such 
land in general cannot be bought or sold by individuals. However, 
it is possible to find some farmers surrendering their rights to 
others to earn additional income by renting, pledging or leasing part 
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of the land they hold rather than leave it fallow (35). This is the 
principal source of supply of land needed to expand the initial farm 
size in the models. It is assumed that any piece of land, once rented 
can be used without added cost for the rest of the planning horizon. 
A two-hectare land renting limit is imposed to reflect the possibility 
that more than 2 hectares close to the original farm may be diffi­
cult to find in one single year. Also, both the financial and mana­
gerial capabilities of the farmer to expand by more than 2 hectares 
in one year may be limiting. Thus, the models provide that farm size 
cannot exceed 12 hectares at the final year of the project. 
In actual situation, two kinds of land are distinguishable in 
the area, namely: the upland (gona) and the low land river valleys 
(fadama). Since the latter constitutes less than 10 percent of the 
total farm land in the area, and it is in general not used to grow 
any of the crops considered here, land in this study is considered 
to be upland farm land and is assumed to be homogeneous in its charac­
teristics and productive capabilities. 
The objective of the study is not strictly directed to a section 
of the farming community who happen to have the average farm size. 
Different levels of land base and the corresponding capital and labor 
requirements generated as the farm business grows will definitely 
accommodate different farm situations other than the average farm. 
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Labor 
According to Baker in (16), "the farm household is the origin of 
most of the human inputs in fanning, whether labor, or management." 
This statement is very true of traditional agriculture. The bulk 
of labor supply comes from family sources. An average family assumed 
in the study consists of five consuming units, i.e. the farmer, his 
wife and three children. Despite the relatively large family size, 
the amount of labor input used on the average farm is very small— 
approximately 1500 hours. This is because the male adult member 
of the family provides more than 80 percent of the labor input, while 
the female contributes less than 2 percent. Children contribute 
about 11 percent of the family labor input. The apparent lack of 
participation on the part of women is due to the practice of seclu­
sion of married women which is strictly observed by the Moslem com­
munity of the area of study. Moreover, the average adult spends more 
than 30 percent of his time in activities other than family farm. 
This led Norman to warn that any development plan designed to intro­
duce changes into the farming system in the area should not always 
assume that the farmer is a full-time farmer, but take cognizance 
of time devoted to off-farm employment by the farmers (35). Labor 
input is measured in man-hours.^  
T^o arrive at the man-hour equivalent, the following conversion 
factors are used: 
Male adults (15 years and over) 1.00 
Female adults (15 years and over) 0.75 
Large children (7-14 years) 0.50 
Small children (less than 7 years) 0.00 
The conversion factors are from Norman (48). 
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Farming pattern in the area is seasonal due to uneven rainfall 
distribution. This implies that labor requirements on the farm will 
also portray seasonal trends. Initial family labor supply is 1500 
hours. Only labor input available for production activities is con­
sidered, the overhead managerial labor input is ignored. Family 
labor input available is divided into three time periods as follows: 
January-Feb-March-April (period 1) 300 hours 
May-June-July-August (period 2) 700 hours 
September-Oct-Nov-Dec (period 3) 500 hours 
Total 1500 hours 
The first season corresponds to a time of the year generally 
referred to as the dry season when there are no rains. Farming activi­
ties are at their lowest ebb except towards the end of April when some 
land preparation can take place in years when rain starts earlier. At 
this time period, farmers engage in their off-farm activities such 
as building roads and putting up new farm houses or mending the exist­
ing ones. Less than 17 percent of total labor input is used on the 
farm at this period. 
Period 2 is the busiest time of the year. Norman found that 
an average farm uses about 50 percent of the annual labor input at 
this period and this has led to the widely-held view that the amount 
of labor that can be produced at this time sets a limit on the amount 
of fanning activities that can be carried out for the rest of the 
year. Major farming operations critical at this period include land 
preparation, planting, fertilizer and chemical applications, weeding, 
and spraying. 
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Period 3 is generally considered as the harvesting period, although 
weeding and spraying for some crops may extend until the end of 
September. Under the traditional farming system, labor supply at 
this period has never been regarded as a constraint to agricultural 
output, but this is likely to constitute some limitational problem 
with the transition to the improved farming practices. Improved crop 
varieties yeilc more per ha than the traditional varieties and some 
of them mature earlier with higher degree of perishability if not 
harvested earlier. The implication of this is that more labor input 
will be required at this period with the adoption of improved tech­
nology or else a significant amount of yield loss will be sustained 
at the harvest due to birds and rodents and some bad weather. 
Capital 
In order to transform agriculture from subsistence level to a 
commercial state, farms must use better quality of productive inputs 
including capital than are used in traditional agriculture. Yet it 
is generally agreed that capital is limited in developing agriculture. 
Thrumalai has estimated that as many as over 70% of India's agricul­
tural producers are not only capital-starved, but unable to qualify 
for more capital from their present financial situations (9). His 
observation is not only true in India, it is a general problem among 
developing countries. The amount of capital or the proportion of 
income invested in the area of study is very low. The fact that 
land is communally owned and cannot be used by individuals as 
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collateral to obtain loans from formal loan institutions greatly 
restricts sources of capital supply available to the farmer. 
Sources of capital available to the farmer include principally 
his savings from past incomes, loans from friends and relatives, 
local money lenders and very seldom government agencies. Zaria 
studies estimated average disposable income in the area in 1967-68 to be 
N206 when the value of crops stored for either sale or consumption 
was included. If inflationary factor is considered, it is estimated 
to be equivalent to K300 in 1976-77, which is the amount used as 
the initial capital or equity contribution of the farmer at the 
beginning of the planning horizon. 
Capital for subsequent years after the first year is derived 
from capital accumulation transferred from one year to the next. 
Equity capital should constitute an important objective of growth 
of peasant farmers because other sources of capital are not dependable. 
Management 
An obvious and yet easily overlooked condition necessary for 
growth of the farm business is that the farmer must have a surplus 
capacity for management. Extra managerial ability will be needed 
in activities such as timeliness of farm operations, selection of 
seed varieties and application of correct levels of fertilizer, 
insecticide and herbicide chemicals. In places where farmers are 
literate and information is available, management is usually embodied 
in the purchased improved inputs. In this case, government employed 
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agricultural extension personnel are expected to assist the farmer 
in some of his management decisions. It is assumed, however, that 
the farmer has adequate managerial ability and he is willing to 
cooperate with the extension worker in his area to achieve the type 
of growth described in this study. 
Production Coefficient 
These represent the amount of each input required per unit of 
activity. Technical coefficients, for example, and labor coefficients 
should be adjusted to correspond to the level of mechanization or 
technology that is assumed in the model. Different sets of 
Table 5.2. Labor requirement per hectare (in man-hours) 
Period Maize Sorghum Cotton Cowpea G.nut 
Hand 
Jan^ y 17.8 80.2 79.2 — 40 
June-Aug 182.2 150 224.2 304 350 
Sept-Dec 305 165 206.8 414 227 
Oxen 
Jan-May 13.5 68.3 77.6 — 26 
June-Aug 126.1 113.1 169.4 204 270 
Sept-Dec 214.3 156.1 183.4 370 207 
Herbicide 
Jan-May 17.8 80.1 79.2 — 40 
June-Aug 141 100.6 155.2 268 279 
Sept-Dec 305 165 206.8 326 227 
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technological coefficients for a given activity represents different 
technologies or methods of producing it. Each of the crop enterprises 
analyzed is produced using three sources of power: hoe or manpower, 
herbicides, and oxen technology. Therefore, there are three sets of 
technical coefficients for land, labor and capital with each set 
corresponding to a specific technology. 
Source of Data 
In 1967-68, the Institute for Agricultural Research, Ahmadu 
Bello University in Zaria, initiated village research studies aimed 
at collecting farm management data to understand traditional 
agriculture. By the early 1970s, emphasis shifted to change studies. 
Series of studies were carried out to evaluate the relevance of 
improved technologies developed in the Institute at the farmer's 
level. Improved technology constitutes the use of fertilizer, im­
proved seeds, insecticides, and planting sole crops (i.e. one crop 
on a piece of land) instead of a mixture of crops. The results of 
land, capital and family labor endowments in Zaria's basic study 
were used in this study as the initial resource endowment. The 
coefficients of the change studies constitute the input-output 
coefficients of the models in this study. The crops involved are 
maize, sorghum, groundnuts, cotton and cowpeas. Detailed reports 
of the studies can be found in the works of Abalu, Hays, Norman 
and their fellow counterprats in the technical disciplines (4, 25, 
48, 51, 52, 53). 
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CHAPTER VI. INTERPRETATION OF RESULTS 
Section 1 
This chapter deals with the interpretation of empirical data 
application with respect to the objectives of the study. 
Six basic models and three variations of each are analyzed. The 
main issues are: given the available resources and those that can be 
made available, how should improved sole crop production be organized 
on small farms and what crop development pattern and adjustments should 
be made? 
Labor shortages during the peak demand season have been observed in 
the area to be a determent not only to the adoption of improved technol­
ogy, but also to the size of overall farming business that an individual 
can undertake. The extent to which the use of herbicide chemical and 
oxen can alleviate the labor shortage problem will be examined. Also of 
interest are the incomes and farm business growth potentials for indi­
vidual farmers who follow improved crop production practices when using 
different alternative cultivation techniques. 
Annual incomes, capital transfer activities, borrowing, consumption 
and surplus activities will be summarized under the general heading 
named "financial activities." This report is divided in three sections. 
Model lA: Optimum Solutions Under Hand Labor Only and 
Without Restrictions Levels of Crop Production Activities 
The objective function for the hand power model is maximization 
of discounted net returns. All net returns or net costs are discounted 
Table 6.1. Summary of optimum farm plan Model lA - hand technology 
Accumulated Crop plan (ha)^  
Net capital Borrowed Family Surplus —r 
Year Income transfer capital expenditure fund MZ SG CT GN CW 
1 N 1670.6 N 300 N322.7 N1085.3 4 
2 2478.2 835.3 149.9 1489.1 6 
3 3330.2 1239.1 59.3 1915.1 •— 8 
4 4179.9 1665.1 — 2339.9 — 10 
5 5025.5 2089,9 — 2762.7 162.6 12 
6 2512.7 
Discounted net income: NIA,467.5 
Total hectares cultivated: 40 ha 
Return/ha: N 361.7 
Return/man-hour (total); ,72 
Return/man-hour (May-Aug): 1.98 
Return/man-hour (Sept-Dec): 1.2 
h^a = hectares, approximately 2.5 acres. 
M^Z, SG, CT, GN, CW - for interpretation of symbols for crops see the Appendix. 
= one nalra = 1.8 U.S. dollar (1979/80), 
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using a discount rate of 6%. The objective function's value for 
Model lA is N14,467.5 which represents the total discounted net re­
turns for the entire five years specified in the model. In addition 
to deducting all costs including land rent, family consumption expendi­
tures are deducted in arriving at the amount of capital available 
to finance farm growth. 
Crop enterprises 
The crop activities specified do not require the cropping pat­
tern to fit into any particular rotation but give the model complete 
freedom to develop a cropping sequence over the entire five-year 
period. As shown in Table 5.1, the optimum solution calls for a 
continuous maize rotation. The maximum amount of land available is 
put to maize each year of the plan. This is expected because of the 
relative superiority of improved maize technology over other crop 
technologies. Maize yield is almost twice that of sorghum while the 
per unit values of the two products are practically the same and the 
production costs are not significantly different. 
Th(» main feature of the cropping program in the optimum solu­
tion is that it is different from the typical cropping patterns in 
the area. It is rare to find farmers cultivating continuous sole 
maize, year in, year out. The three main grain crops in Nigeria 
are sorghum, millet and maize. Until recently, maize was for a long 
time regarded as a crop of the southern parts of the country. Sorghum 
and millet are predominantly grown in the northern parts either as 
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sole or intercropped with other crops as a form of diversification. 
The Zaria study (48) estimated about 30 percent of the area devoted 
to crop mixtures was put to millet/sorghum mixture and a larger pro­
portion of the remaining land to other sorghum-based mixtures. Sorghum 
and millet are particularly very important in the diet of the people. 
Since the past few years, research has shown that maize has a 
greater potential in the northern states than in the south. Both 
yield and net return under the new technology are much higher than 
returns from most of the crops in the area. 
Sorghum's importance lies in its ability to thrive on relatively 
infertile land. Latum (37) noted that sorghum has a high degree 
of reliability and while the yields might be low without fertilizer 
application, failures are however rare and subsistence is assured. 
Since the national policy objective is to achieve an overall 
increase in agricultural production, a national long-run strategy 
is to encourage a simultaneous expansion of all the crops needed 
for food and fibers- To do this, we need to know both economic and 
technical constraints rendering the production of some crops less 
competitive. This will enable us to set research goals and standards 
with respect to these crops. 
The reduced cost columns in the solution give the indication 
of the relative unprofitability of the crop enterprises not included 
in the optimum solution. Values of the reduced costs are the amounts 
by which the value of the objective function would be reduced if one 
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unit of an activity not in the optimum solution is forced into solution. 
Reduced cost analysis helps to explain the competitiveness of the crop 
enterprises in the model from the economic and technical points of 
view. Reduced costs for sorghum range between S231.2 per ha in year 
3 to N271.1 in year 2. Cotton is also not in solution and its highest 
reduced cost of H331.8 is in year 1. Groundnut has reduced costs 
varying from N174.1 per ha in the fifth year to X255.6 the first year. 
This implies that if we are to decide purely on economic grounds, 
cotton, followed by cowpeas, would be given the least consideration 
if it is necessary to alter the optimum plan. The first eligible 
candidate for substitution is groundnuts with the minimum reduced 
cost values. 
The next question is, by how much can the unit prices of the 
crops not in solution be raised to bring a specified amount of these 
crops into solution without necessarily reducing the value of the 
program or by how much can we increase the yields of the crops to 
make them competitive enough to appear in solution? 
The range analysis (Table 6.2) allows us to know by how much 
product prices could be increased to bring crops not in solution 
into the plan. If the price is increased from the present 20k to 40k, 
about 1204 kg of sorghum (about .9 ha) will be produced during the 
first year. This implies that to get sorghum into the plan, its 
current yield of 1346 kg per ha would have to be doubled. Column 
3, Table 6.2 describes the price levels at which the activity can 
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Table 6.2. Range analysis Model lA: Unit prices and yields required 
to produce specified quantities of activities not in 
optimum solution 
Equivalent 
yield 
Quantity Hectares per ha 
Year Crop Price* (kg) (ha) (kg) 
SG 40k 1204 .9 2692 
CT 76k 938 1.3 1804 
GN 48k 2394 1.9 1968 
CW 59k 1530 1.4 2163 
MZ^  12k 5949 2.1 1738 
SG 40k 3738 2.8 2887 
CT 72k 1979 2,7 1827 
GN 46k 4869 4.0 2012 
CW 56k 3108 2.8 2188 
MZ^  Ilk 5914 2.0 1738 
SG 35k 1059 .8 2617 
CT 67k 464 .6 1761 
GN 43k 1140 .9 1954 
CW 52k 729 .7 2114 
MZ^ Ilk 20490 7.1 1803 
SG 
CT 64k 743 1.0 1800 
GN 41k 1841 1.5 1993 
CW — — — — — 
MZ^  10k 24634 8.5 1772 
SG 
CT 60k 1036 1.4 1766 
GN 38k 4787 3.9 1948 
CW — — — —— — 
MZ^  9k 23489 8.1 1630 
*MZ rows indicate the prices or yields required to reduce MZ 
activity level in solution by specified quantities. 
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come into solution without reducing the optimum value of the program. 
Column 4 describes the quantity that will be produced at that price, 
and Column 5 signifies the amount of land that will be devoted to 
its production. Column 6 indicates the required yield per ha if the 
product price is to remain unchanged from its current level. 
To produce 938 kg of cotton during the first year, occupying 
about 1.3 ha, its price would have to rise from its current level 
of 31k to 76k or yield increase from the current yield of 736 kg per 
ha to 1804 kg per ha. Significant price and/or yield changes which 
are more than double the current levels are required to get cotton 
into the program. Cotton production activity is the least competitive 
of all other crops considered as evidenced in its reduced cost figures 
and the magnitudes of both price and yield adjustments. Price policy 
is likely to be successful to encourage cotton production especially 
and probably groundnuts as the bulk of farmers outputs for these 
crops is purchased by the marketing board which is an agent of the 
government. 
Groundnut price would have to change from the current 30k per kg 
to 48k to bring 2394 kg or 2 ha of groundnut into production. 
Alternatively, yield per ha should increase from 1230 kg per ha to 
1904 kg per ha. 
Cowpeas will only enter the solution of the program on its own 
if its price can be increased from 30k to almost 59k at 1527 kg or 
1.4 ha level. This is equivalent to an increase in yield from 
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1100 kg per ha to 2163 kg per ha. Cowpeas production enterprise 
is the next least competitive after cotton. Yield and price adjust­
ment information for subsequent years are detailed in Table 6.2. 
Sorghum and cowpeas enter the base solution in the fourth and fifth 
years. Hence, no income penalty or reduced cost values for those 
years and there is no information as to how to improve the status 
of these crops for the two years. 
The above yield analyses are true only if production costs re­
main constant at current levels. Output price policies are usually 
difficult to formulate and implement for food crops. The main focus 
should, therefore, be on improving the yield capabilities of these 
crops. The respective yield forecasts should be attainable and 
within the potentials specified by Olayide (60). 
A genuine concern about the optimum crop enterprise in the opti­
mum solution is that if farmers adopt the plan, maize price is likely 
to fall if there is excess supply and prices of other crops may have 
to rise as a result of increased demand for quantities of these 
products. How low can maize price fall before there is a change in 
the optimum plan assuming production costs remain the same? If maize 
price falls to 12k per kg, only 5949 kg of maize would be produced 
in the first year. This is equivalent to about half the quantity 
currently in optimum solution and groundnut enterprise would have 
to come into the plan on its own. Alternatively, maize yield would 
have to fall to 1738 kg per ha instead of 2897 kg per ha. It should 
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also be noted that every time any of the crop enterprises enter the 
solution either as a result of increased prices or productivity, it 
is at the expense of maize production. 
Labor activities 
The labor restrictions and requirements in the model are divided 
into three time periods and defined in man-hour units. Time period 
1 is defined as January, February, March and April; time period 2 
is defined as May, June, July and August; and time period 3 is defined 
as September, October, November and December. Labor hiring activities 
provide for hiring of part-time labor without any limit placed on the 
amount of labor that can be hired. 
As shown in Table 6.3a, total amount of labor used increases each 
year as farm size increases. With the exception of time period 1, 
the maximum amount of family labor available in each of the time 
periods 2 and 3 is used up in each of the five years. Maize crop 
enterprise has a high demand for labor in period 2 for land prepara­
tion, planting and weeding and in period 3 for harvesting mostly. 
Restrictions on family labor in these periods are quickly reached 
and additional labor has to be hired. The total quantity of labor 
used in the third period is greater than it is either in the first 
or the second periods. 
It should be recalled that labor shortage in period 2 has been 
identified as a major constraint in the study area and farmers have 
responded in the past by working longer hours on the farms at this 
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Table 6.3a. Summary of labor utilization. Model lA 
Year Period Family Hired Total 
1 1 71.2 —— 71.2 
2 700.0 28.8 728.8 
3 500.0 720.0 1220.0 
Total 1271.2 728.8 2020.0 
2 1 106.8 — 106.8 
2 700.0 393.2 1093.2 
3 500.0 1330.0 1830.0 
Total 1306.8 1723.2 3030.0 
3 1 142.4 142.4 
2 700.0 757.6 1457.6 
3 500.0 1940.0 2440.0 
Total 1342.4 2697.6 4040.0 
4 1 178.0 178.0 
2 700.0 1122.0 1822.0 
3 500.0 2550.0 3050.0 
Total 1378.0 3672.0 5050.0 
5 1 213.6 213.6 
2 700.0 1486.4 2186,4 
3 500.0 3160.0 3660.0 
Total 1413.6 4646.4 6060.0 
Table 6.3b. Labor shadow prices. Model lA 
Slack Shadow price 
Period 1 Period 2 Period 3 Period 1 Period 2 Period 3 
228.8 — — — .23 .23 
193.2 — — — .24 .24 
157.6 — — — .23 .23 
122.0 — — — .22 .22 
86.4 — — — .22 .22 
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period. Although there might be some awareness that there is a high 
demand for labor in period 3 and can probably be aggravated by in­
creased output resulting from the introduction of improved technology, 
labor requirement at this period has never been considered a serious 
problem enough to limit faming activities. This is because children 
and women, who are considered not suitable for some of the earlier 
production operations for one reason or the other, can actively par­
ticipate in spraying and harvesting activities which take place at 
this period. 
It is, however, becoming increasingly obvious that labor require­
ment in period 3 is going to be an important constraint to production 
as farm size increases just as well as in period 2 if hand labor 
remains the sole source of farm power. 
The shadow prices of labor for the three periods express the 
extent to which the value of the optimal plan would be reduced if 
the quantity of labor used in the optimum plan is reduced by one 
hour for a particular period or year. Alternatively, the shadow 
price of labor can be interpreted as the value of marginal produc­
tivity of labor which indicates the value of additional hours of 
labor used in the production process. Positive shadow prices of 
labor in periods 2 and 3 indicate that labor supply at these two 
periods are equally more restrictive than labor requirement in 
period 1. The value of shadow prices for the two periods is 23k, 
which is just 2k higher than the actual wage rate. Labor shadow 
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prices in this model do not mean much because all labor requirement 
is met either through family labor supply or hired labor market. 
One of the principal expansionary devices built into the model 
is land renting activity. No other principal investment activities 
other than crop production is provided for in the model. Therefore, 
the main avenue to expand the farm business is to increase the area 
under cultivation since livestock is not included in the model. 
Provision is made to rent a maximum of 2 ha each year after the first 
year. The restrictions on land renting activities are met each year. 
The shadow prices for owned land vary from K427 the first year 
to JÎ338 the fifth year. Shadow price in this case indicates the 
amount by which the objective function can be increased if an addi­
tional one hectare can be used or alternatively, the amount by which 
the value of the objective function will be reduced if a unit of land 
is subtracted from the amount indicated in the optimal plan. In 
other words, it is the marginal value of land productivity. The 
shadow prices on land restrictions indicate that additional land 
can still be profitably utilized in each year of the program, although 
the marginal value of land productivity will continue to decline 
until an equilibrium is reached. 
Financial activities 
Financial activities are defined to include annual incomes, amount 
of capital transferred and borrowed, consumption expenditures and 
surpluses from unused capital. 
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Table 6.1 summarizes the financial activities. The household 
is assumed to possess an initial operating capital of N300 and there 
is no limit to the amount of funds that can be borrowed. There is 
provision for income withdrawals for consumption and investment pur­
poses on the farm. This model places no explicit limit on the growth 
rate except that dictated by the amount of land that can be rented. 
The amount of capital borrowed decreases from K322.7 in the 
first year to N59,3 the third year, and it is not necessary to bor­
row capital in the fourth and fifth years since capital generated 
within the farm business is sufficient to meet the financial require­
ments. The figures in the capital transfer column 3, Table 6.1, 
increases steadily from N300 brought into the business the first 
year to N2513 at the end of the fifth year. During the fifth year, 
the amount of funds generated exceeds that which is required on the 
farm by N162.6. 
An undiscounced net income increases from SI,671 in the first 
year to N5,026 in the third year. This is because of the structure 
of the model. The model permits an additional 2 hectares to be 
rented every year after the first for expansionary reasons. It fol­
lows that income from the expanded size for any one year after the 
first will be higher than that of the previous year. 
The fifth column contains the amount of funds which must be 
withdrawn from income stream each year to meet family consumption 
expenditures. The model assumes an annual fixed required consumption 
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funds of N250 plus marginal consumption of 50 percent of net returns 
above N250. Family consumption increases each year as income increases. 
Consumption expenditures rise from Nl,085,3 the first year to N2,763 
at the end of the plan. 
Summary 
This model has produced an optimal solution which indicates that 
farm growth is possible from internally generated and borrowed capital. 
Given the assumption of the model, capital borrowing is only neces­
sary during the first three years of the planning horizon, A sum 
of X59.3 borrowed during the third year is needed to finance labor-
hiring activities. Borrowing can be avoided the third year without 
affecting the result if one assumes that part of maize harvested can 
be sold before the end of the year and proceeds used to pay hired 
labor. On the other hand, the third period of the year is close to 
the end of the year when crop sales will normally take place. It 
is possible to work out an arrangement whereby the laborers are paid 
at the end of the year. 
Net income in year one is Nl,670.6. Net income rises to a maxi­
mum of N5,025.5 in the fifth year. The relatively lower income during 
the first year than income in any other year is because of the struc­
ture of the model itself. Gross income in any particular year is 
limited to the amount received from sale of maize in that year. Since 
an additional 2 hectares are rented every year after the first for 
expansionary purposes, it follows that income from the expanded 
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acreage of any one year after the first will be higher than that of 
the previous year. 
Model IIA: OptimuA Solution Under the Use of Herbicides 
and Without Restrictions on Levels of Crop Production Activities 
Model IIA's objective function is to maximize the discounted 
net returns over a period of five years when herbicide chemicals are 
used to control weeds during the months of May through August, Discount 
rate assumed is also 6%. The value of the program for Model IIA is 
5»13,645. All costs and family consumption expenditures have been 
deducted before arriving at this estimate. 
Crop enterprises 
The crop activities specified here also do not require the crop­
ping pattern to fit into any particular rotation or any combination 
of crops but gives the model complete freedom to develop a cropping 
sequence over the entire five-year period. As shown in Table 6.4, 
the optimum solution to the model is a straight continuous maize plan. 
The expansion in resources used for increase in production activities 
comes primarily from renting land and capital transfer. 
In the first year, all of the 4 ha available is put into maize, 
just as the whole land available in the subsequent years is also 
put into maize. The reason for this is due to superiority of maize 
technology over all other crop technologies considered here as described 
earlier on in the hand-power technology. Maize production activity 
Table 6.4. Summary of optimum solution Model IIA - herbicide technology 
Accumulated Crop plan (ha)** 
Net capital Borrowed Family Surplus 
Year income transfer capital expenditure fund SG CT GN CW 
1 N'^ 1547.6 N 300 N439.2 N1023.8 — —  4 
2 2245.5 773.8 343.1 1372.8 — —  6 — — — — 
3 3230.0 1122.8 312.1 1865 — —  8 -
4 3949.4 1615.0 214.6 2224.7 — —  10 ~ — — — 
5 4766.9 1974.7 211.2 2633.4 — — 12 — — — — 
2383.4 
Discounted net : income N13,645 
Total hectares i cultivated 40 ha 
Return/ha N 341.1 
Return/man-hour (total) .74 
Return/man-hour (May-Aug) 2.4 
Return/man-hour (Sept-Dec) 1.1 
h^a = hectares, approximately 2.5 acres. 
M^Z, SG, CT, GN, CW - for interpretation of symbols for crops see the Appendix. 
= one naira = 1.8 U.S. dollar (1979/80). 
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shows consistent advantage over all others regardless of the tech­
nology used. 
The reduced cost analysis follows the same pattern as in hand-
power system. Reduced cost figure for cotton indicates that inclu­
sion of a unit of cotton activity will reduce the value of the objec­
tive function by $300.9, which is greater than the amount by which 
inclusion of any other crop activity would have reduced net income. 
Next is the reduced cost for sorghum which is N273.5, reduced cost 
for cowpeas is N254 and *214.8 for sorghum. This result indicates 
that cowpea is more competitive than sorghum in this plan. The reason 
is that herbicide is not used on cowpea because no suitable herbicide 
has yet been identified for weed control on cowpea fields at this 
moment; hence, herbicide cost is not included in the production costs 
for cowpea in this model. Competitive advantage of cowpea over sorghum 
persists until farm size increases to 8 hectares the third year when 
a greater amount of labor is needed. Sorghum then becomes more competi­
tive as the use of herbicide reduces labor cost. However, cowpea 
is more competitive than cotton throughout the plan. Another general 
observation of the reduced costs of this model is that reduced cost 
figures for those activities, except cotton which never enter in 
model, are greater than the reduced costs of the same activities 
under hand power technology. This indicates the superiority of hand 
power over herbicide based on our assumptions. 
Groundnut remains the first candidate to be considered for sub­
stitution on profitability grounds if we have to alter the result 
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of the optimal plan in the model because it has the least reduced 
cost. 
Next is an analysis of what must be changed and by how much to 
let the activities which hitherto are not in solution to feature in 
the plan (Table 6.5). 
If sorghum price is increased from the current price of 20k to 
40k, about 190 kg of sorghum will be produced. This is about .14 ha. 
It should be noted that at this price range, under hand power, 1204 
kg or .9 ha of sorghum will be produced. To produce more than this 
quantity of sorghum, price has to rise higher than 40k per kg. In 
order to produce 95 kg of cotton, price has to increase from the 
current 31k to 72k. 
The fact that cotton activity will enter the plan at 72k as 
against 76k in the hand power model indicates that cotton is slightly 
more competitive in this model. This is equivalent to saying in 
order to produce only 95 kg, current yield has to increase to 1709 kg 
per hectare. To produce 221.5 kg of groundnut, current price has to 
increase from the current 30k to about 47k. This result is similar 
to that obtained in the hand power system. In order to produce only 
120 kg per .11 ha cowpea, price has to rise from the current 30k to 
53k or yield has to increase from 1100 kg per ha to 1943 kg per ha. 
To get more than 120 kg of groundnut into the plan, the price has 
to rise more than 53k per kg assuming constant costs. 
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Table 6.5. Range analysis Model IIA: Unit prices and yields required 
to produce specified quantities of activities not in 
optimum solution 
Year Crop Price^  
Equivalent 
yield 
Quantity Hectares per ha 
(kg) (ha) (kg) 
1 SG 40k 190 0.1 2692 
CT 72k 95 .1 1707 
GN 47k 222 0.2 1946 
CW 53k 168 0.2 1947 
MZ 13k 11066 3.8 1822 
2 SG 38k 1878 1.4 2692 
CT — — —— — 
GN 
PT.T 
48k 541 .4 2086 
uw 
MZ Ilk 16109 5.5 1631 
3 SG 
PT 
36k 3405 2.5 2662 
GN 45k 3540 2.9 2050 
CW 51k 3563 3.2 2073 
MZ 10k 14838 5.1 1658 
4 SG —— 
CT —— — — — -• 
GN —— — 
CW 47k 6269 5.7 2082 
MZ 10k 13050 4.5 1672 
5 SG 
CT 57k 1036 1.4 1681 
GN —— • • -• — • • — —1 
CW 44k 7697 7.0 2035 
MZ 9k 23489 8.1 1720 
M^Z rows indicate the prices or yields required to reduce MZ 
activity level in solution by specified quantities. 
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The next question is how low must the price of maize or the yield 
of maize fall before maize ceases to feature prominently in the plan? 
Maize price would have to fall to approximately 13k per kg before 
maize activity is replaced by groundnut, assume all other prices and 
costs including maize production costs remain constant, or maize 
yield falls to 1883 kg per hectare. With this condition, 11066 kg 
or 3.8 ha of maize will still be produced in the first year. 
Labor activities 
The labor restrictions and requirements in this model are also 
divided into three time periods and defined in man-hour units. Time 
period 1 is defined as January, February, March and April; time 
period 2 is defined as May, June, July and August; and time period 
3 is designated as September, October, November and December. No 
limit is placed on the amount of hired-labor in any one period. 
As shown in Table 6.6, the maximum anount of family labor allowed 
is not exhausted in periods 1 and 2 of the first year, and there is 
no need to hire labor except in period 3 if the farm size is less 
or equal to 4 ha. This should be seen as a major accomplishment 
of the use of herbicides. The peak season labor shortage problem 
is not only resolved, but about 136 hours of family labor is unused. 
This amount of time is free to be rented out or used in other produc­
tive activities. This is in contrast to our results in the hand 
power system when family labor is not only exhausted at this period 
but an additional 29 hours of labor has to be hired. 
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Table 6.6. Labor utilization, Model IIA 
Year Period Family Hired Total 
1 1 71.2 — 71.2 
2 564,0 — 564.0 
3 500.0 720 1220.0 
Total 1135.2 720 1755.2 
2 1 106 — 106 
2 700 146 846 
3 500 1330 1830 
Total 1306 1476 2782 
3 1 142 — 142 
2 700 428 1128 
3 500 1940 2440 
Total 1342 2368 3710 
4 1 178 — 178 
2 700 710 1410 
3 500 2550 3050 
Total 1378 3260 4638 
5 1 213 — 213 
2 700 992 1692 
3 500 3160 3660 
Total 1413 4152 5565 
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However, since the second year when farm size increases to six 
hectares, labor problem of the second period appears again and a lot 
more labor is required for harvesting in period 3. About 146 hours 
of labor is hired in the second period and 1330 hours in the third 
period of year 2. Quantity of labor hired increases as the farm size 
increases. The peak is reached in the fifth year when 992 hours of 
labor are hired in May-August and 3160 hours in September-December. 
Under the hand power system, about 1486 hours of labor are hired 
during the second period in the fifth year when the farm size is 12 
ha. The use of herbicides has been able to reduce labor requirements 
âL this period by 494 hours. The importâùce of herbicides becomes 
noticeable as farm size increases over time. Labor requirement situ­
ations during the first and the third periods remain the same as they 
are under hand system since the use of herbicides is assumed to have 
effect on labor requirements for weeding operation which takes place 
specifically during the second period. 
Table 6.7. Shadow prices. Model IIA 
Slack Shadow prices 
Year Period 1 Period 2 Period 3 Period 1 Period 2 Period 3 
1 228.8 136.0 — — — .23 
2 193.2 — — — .22 .22 
3 157.6 — — — ,21 ,21 
4 122.0 — — .19 .19 
5 86.4 —— — — .17 ,17 
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These figures indicate that labor requirements in periods 2 and 3 
are more restrictive than labor requirements in period 1. 
Land 
Land is not valued also in this model because it is communally 
owned. Land available is restricted to a maximum of 4 hectares in 
the first year to 12 hectares in the fifth year. This restriction 
is imposed on farm size, not necessarily due to phsyical availability 
of land, but because of financial and technological constraints. 
Land shadow price figures can give an idea of the true value of land 
in crop production process. Shadow price for land the first year 
is N435.6, N381 the second year, N363 the third year, 
N330 the fourth year, and N321 the fifth and last year. The declin­
ing trend of the shadow prices is due to the fact chat more land is 
made available every year, and secondly because returns from land and 
other resource productivities are discounted to their present values. 
Beginning from the second year, a maximum of two hectares of 
land is rented every year. The shadow prices of rented land are as 
follows: N335 the second year, N338 the third year, N308 the fourth 
year, and N300 the fifth year. The values of the shadow prices in 
this model are less than those of Model lA. This suggests that the 
next available land can be more profitably cultivated by hand -power 
than with herbicide technology. Land shadow prices for this model 
also indicate that additional land can still profitably be utilized, 
even though marginal value of land productivity may have to decline 
as more land is being used. 
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Financial activities 
Table 6.6 summarizes the financial activities of this model. 
The amount of operating capital required to be borrowed declines from 
H439.2 in the first year to N211.2 the fifth year. Relatively larger 
quantity of capital is needed to be borrowed in this model than in 
Model lA. This is because capital is needed to purchase herbicides 
in addition to other inputs. As from the second year, all the capital 
borrowed is in the third period. The borrowing activity at this period 
can be avoided without affecting the result of the program if it is 
assumed that some sales are made before the end of the year. 
There is no unused capital any year in the model. Total annual 
capital requirements in this model are higher than in Model lA: hence, 
family consumption withdrawals are smaller. The model assumes an 
annual required consumption of N250 plus marginal consumption of 
50% of net returns over N250. However, family consumption fund rises 
from N1023.8 in the first year to N2633 in the fifth year. The model 
allows for capital to be transferred from one year to the next. A 
sum of N773.8 was transferred the first year to the second. 
Transferred capital rises to a maximum of N2383.4 at the end of the 
fifth year. The amounts of capital transferred from year to year are 
smaller in this model than in Model lA, This is because the annual 
income generated in this model is smaller. Herbicide costs are too 
high relative to the quantity of labor saved by its use. 
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Siamnary 
Model IIA is another basic model of this study and has an optimal 
solution which shows that farm growth can be accomplished from in­
ternally generated and borrowed capital, but that the growth path 
or rate can be altered by the type of technology and type of power 
source available to the operator. The objective function is as before, 
the maximization of the discounted net returns and the undiscounted 
net income for each year- The discounted net income for the whole 
period of the plan is N13,645. Net income in year one is *1547.7, 
*2245.5 in year two, *3230 in year three, *3949 in year four, and 
*4766.9 in the fifth year. The gradual increase in income from one 
year to the other can be explained by the structure of the model 
itself. Income in any year is limited to proceeds from sale of maize. 
Since the number of hectares put to maize increases every year, income 
from any year is bound to be higher than income made the previous 
year. 
Both the overall discounted income and the annual net income 
made in this model are lower than those received in the earlier Model 
lA. This is because the quantity of labor replaced by the use of 
herbicides is small relative to the cost of herbicides. 
If an assessment is based purely on profitability grounds, hand-
power technology is preferable to herbicide application system. 
But this is only true given the assumption of herbicide costs, labor 
wages and labor availability. A different result is expected under a 
higher wage rate and non-availability of hired labor. 
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Model IIIA: Optimum Solution Under Oxen Technique of Cultivation 
and Without Restrictions on Levels of Crop Production Activities 
The value of the objective function obtained for this model is 
NIA,953.5. All net returns and costs except those for the first year 
are discounted by a discount rate of 6%. This model is different 
from the other two models discussed earlier in that it comprises a 
fixed cost item valued at N605. This is the sun invested in the 
purchase of a pair of oxen and implements needed to operate a farm 
whose technical coefficients are depicted in this model. 
Since oxen and equipment are assumed to be purchased by loan, 
annual depreciation values are equated to annual loan repayment values 
to be compulsorily paid at the end of each accounting year. The loan 
should be fully repaid at the end of five years. In addition to 
deducting production costs, depreciation and family consumption 
expenditures have been deducted before arriving at the discounted 
net returns. 
Crop activities 
The crop activities specified in this model are identical to 
those specified in the two earlier models. The specification does 
not require the cropping pattern to fit any particular rotation or 
any particular combination of rotations but gives the model complete 
freedom to develop a cropping sequence which maximizes the net 
returns over the five-year period. The optimum solution to the 
model once more calls for a continuous maize production. Maize 
Table 6.8. Summary of optimum solution Model IIIA - oxen technology 
Net 
Accumulated 
capital 
Year Income transfer 
1 n'^ 1628.9 N 300 
2 2563.3 814.5 
3 3465.3 1281.6 
4 4379.4 1732.7 
5 5292.6 2189.7 
6 2646.3 
Borrowed 
capital 
Crop plan (ha)* 
Family Surplus —: 
expenditure fund MZ SG CT GN Œ 
N1064.5 — 4 — — — — 
1531.6 — 6 — — — — 
1982.7 N227.4 8 — — — — 
2439.7 654.3 10 -
2896.3 632.3 12 — — — — 
N242.2 
Discounted net income 
Total hectares cultivated 
Return/ha 
Return/man-hour (total) 
Return/man-hour (May-Aug) 
Return/man-hour (Sept-Dec) 
N 
N14953.5 
40 ha 
373.8 
1 . 1  
2.96 
1.7 
ha = hectares, approximately 2.5 acres. 
'mZ, SG, CT, GN, CW - for interpretation of symbols for crops see the Appendix. 
'N = one nalra = 1.8 U,S, dollar (1979/80). 
94 
production technology has proved dominant regardless of power 
technology. The reason for this can be attributed to the relatively 
high maize yield per hectare. 
In order to determine how changes can be made in the optimal 
solution if necessary with minimum loss of income and to evaluate 
the competitiveness of the different crop activities, the reduced 
cost analysis is examined. Reduced cost for cotton remains the 
highest at N326 followed by cotton with reduced cost of N282.4. 
This indicates that one hectare of cotton in the optimum solution 
would have led to a reduction in the value of the objective func­
tion by H326 and inclusion of one hectare of sorghum would have caused 
an income loss of N282.4 in the first year. The main cause of cot­
ton's lack of competitiveness is in its low producitivity per 
hectare. Reduced costs for groundnut range from K185.4 in the 
fifth year to a high of N226 in the second year. For cowpeas, its 
reduced costs range between N241 in the fifth year to N292.3 in the 
second year. 
In order to bring about changes in the crop pattern described 
above without reducing the value of the objective function, prices 
of the crop activities not in solution either has to increase with­
out any increases in production costs or their output per hectare 
must increase as shown in Table 6.9. 
Sorghum is an important grain crop of the area under study and 
yet is not in solution. In order to bring a small quantity of sorghum 
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Table 6.9. Range analysis Model IIIA: Unit prices and yields required 
to produce specified amounts of activities not in optimum 
solution 
Year Crop Price^  
Quantity 
(kg) 
Hectares 
(ha) 
Equivalent 
yield 
per ha 
(kg) 
1 SG 41k 112 0.1 2759 
CT 75k 46 0.1 1781 
GN — — —— 
CW 
MZ 13k 11248 3.9 1883 
2 SG 
CT 73k 1041 1.4 1850 
GN 46k 693 0.6 2038 
CW 55k 247 0.2 2145 
MZ Ilk 15750 5.4 1677 
3 SG _ 
CT — — — 
VjiS 
CW — 
MZ Ilk 2588 .9 1738.2 
4 SG __ 
CT 65k 1895 2.6 1840 
GN 42k 6725 5.5 2042 
CW 49k 4610 4.2 2152 
MZ 10k 13130 4.5 1702 
5 SG 33k 3340 1.2 2751 
CT 61k 1585 2,2 1796 
GN 39k 13579 11.0 1999 
CW 46k 1320 1.2 2108 
MZ 10k 2781 1.0 1738 
M^Z rows indicate the prices or yields required to reduce MZ 
activity level in solution by specified quantities. 
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into the optimum plan, sorghum price has to rise from the current 
20k to 41k in the first year. It should be noted that sorghum is 
less competitive in this technology than in any of the other two 
models discussed earlier. It is because the crop in solution is 
slightly more profitable here than in any of the other two power 
technologies. A substantial quantity of sorghum would be produced 
at 40k per kg in the other two models whereas only a small quantity, 
112 kg, would be produced in this model even at a higher per unit 
price of 41k. In the alternative, sorghum yield has to be increased 
to 2757 kg per hectare. 
Cotton is also not in the optimum solution, its price has to rise 
from 31k per kg to 75k or its yield per ha increased from 736 kg per 
ha to 1780 kg to make it worth its while to produce some quantity 
of cotton. Groundnut price has to rise from 30k per kg to 46k to 
be able to produce about .6 ha of groundnut the second year or else 
yield has to increase from 1230 kg per ha to 2038 kg. 
Cowpeas is important from the nutritional point of view and 
yet it is not in the solution. Its current price of 30k per kg should 
rise to about 56k per kg to be able to produce a small quantity of 
cowpeas in the second year. Cowpeas is in solution in the first 
year but at zero level. Above adjustments are possible only if costs 
remain what they are now. Alternatively, the yield should increase 
from current level of 1230 kg per ha to 2296 kg per ha. 
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In order to reduce the quantity of maize production by only 340 
kg, the price of maize per unit has to fall to about 13k per kg or 
the yield has to fall to 1883 kg per ha. 
Land 
Land restrictions for cultivation are used to the maximum levels 
specified each year until a maximum of 12 ha farm size is reached 
the fifth year. Land renting activities allow a maximum of 2 ha to 
be rented each year after the first year. This restriction is satis­
fied at the optimum level each year. Land shadow price is N473 for 
the first year and declines to «363 the fifth year. Shadow price for 
rented land also ranges from N407 in the second year to N343 the fifth 
year. These figures are larger than those obtained for either hand 
or herbicide technology simply because income earnings are higher. 
These high values of land shadow price point to the fact that bigger 
farm size can still be profitable. 
Labor activities 
Labor restrictions and requirements in this model are divided 
into three time periods as in the other two models discussed earlier. 
As shown in Table 6.10, no labor is hired during periods 1 and 2 of 
the first year and a total of 357.2 hours of labor is hired in the 
third period of the first year. This can be compared to 720 hours 
of hired labor under hand labor and herbicide technologies. The use 
of oxen has the potential of solving the already identified labor 
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Table 6.10. Summary of labor utilization. Model IIIA 
Year Period Family Hired Total 
1 54 — 54.0 
2 504.4 — 504.4 
3 500.0 357.2 857.2 
Total 1058.4 357.2 1415.6 
1 81,0 — 81.0 
2 700,0 56.6 756.6 
3 500.0 785.8 1285.8 
Total 1281.0 842.4 2123.4 
1 108.0 — 108.0 
2 700.0 308.8 1008.8 
3 500.0 1214.4 1714.4 
Total 1308.0 1523.2 2831.2 
1 135.0 — 135.0 
2 700.0 561.0 1261.0 
3 500.0 1643.0 2143.0 
Total 1335.0 2204.0 3539.0 
1 162.0 — 162.0 
2 700.0 813.2 1513.2 
3 500.0 2071.6 2571.6 
Total 1362.0 2884.8 4246.8 
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bottleneck in May-August period of the first year in this model like 
in herbicide situation as the family labor is adequate for the farm 
labor requirements when farm size is less or equal to four hectares. 
In the second year, when the farm size increases to 6 ha, only 
56.6 hours of labor are hired during the peak season of period 2 and 
785.6 hours in the third period. The quantity of labor hired increases 
steadily to 813.2 hours of labor in the second period and 2071,6 hours 
in the third period of the fifth year. 
Table 6.11. Labor shadow prices. Model IIIA 
Slack Shadow prices 
Year Period 1 Period 2 Period 3 Period 1 Period 2 Period 3 
1 246 196 — — — ,23 
2 219 — — — .20 .20 
3 192 — — .19 .19 
4 165 — — — .18 .18 
5 138 — — — .17 .17 
These values of shadow prices do not reflect labor scarcity, 
because no limit is placed on the amount of labor that can be hired. 
However, they do reflect the true wage rates. The actual wage rate 
used in this model is 21k per hour and is discounted with passage of 
time. 
Financial activities 
In this model, which has labor and other physical resources 
available in unlimited quantities at fixed prices, land and technology 
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power source become the resources that limit the growth of the farm. 
This assumes the farmer has the adequate management ability and no 
internal limit to growth. The generation, use and flow of capital 
within and between years is of special significance in a model of this 
type. The financial activities have been developed to show the capital 
requirements and capital withdrawals from the farm business that 
exist in reality. The inter-year and intra-year flow of funds was 
considered as well as the flow of funds from business for such activi­
ties as family consumption and accumulated fixed costs. 
Capital borrowing activity allows the farmer to expand the 
capital available. The possession of a pair of oxen and cultivation 
equipment is essential to be able to practice the type of technology 
described in this model. It is assumed the farmer does not have oxen 
and equipment of his own and will have to borrow to purchase these 
items in addition to borrowing to purchase other inputs like fertil­
izer and chemicals during the first year. A total of N605 is 
borrowed to purchase oxen and implements and N242.2 during the first 
year for operating expenses. Loan for oxen purchase is repaid in 
five equal installments at the end of every year. All other loan 
commitments for operating expenses must be repaid at the end of the 
very year in which it is borrowed and used. 
After the first year, it is no longer necessary to borrow capital 
for operating expenses because enough capital is generated each year 
to provide enough capital for the following year farm expenses. 
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As from the third year, not all of the capital transferred is used up 
and part of it has to go into the saving account. During the third 
year, a sum of N227.4 goes to slack, *654.3 in the fourth year remains 
unused and N529.5 out of the capital transferred to year five is not 
used. This result is very significant in a situation where systematic 
annual loan provision to farmers will be very difficult to arrange. 
Apart from the annual loan repayments, the amount that must be 
compulsorily withdrawn from the income stream, money needed for con­
sumption purposes by the farm family is another drain on income. As 
in the other two models, an annual fixed consumption of N250 plus 
marginal consumption of 50 percent of net returns above N250. Family 
consumption used up to N1064 in the first year and increases with 
income to N2896.3 in the fifth year. 
Summary and Comparison of Models lA, IIA, and IIIA 
Model lA describes the conditions of a farmer using hand tools 
only. Models IIA and IIIA assume the use of herbicides and oxen, 
respectively, to augment human labor whenever it is necessary. 
Because land is intentionally restricted, none of the models can 
be said to achieve the optimum farm size. However, the three models 
attained the maximum farm size permissible by the assumptions. The 
models will be compared on the basis of some growth indicators 
such as incomes, amounts of capital transferred, consumption expendi­
tures and by their effectiveness in solving the labor shortage problem. 
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The optimal solutions show that farm firm growth can be achieved 
from internally generated capital and borrowed capital regardless 
of power technology used. As shown in Table 6.12, the discounted 
net income is highest for the oxen model and lowest for herbicide. 
The annual undiscounted incomes and consumption expenditures conse­
quently follow the same trend. However, annual income during the 
first year when the farm size is only 4 ha is greatest for the hand 
technology. 
Another growth indicator is the volume of capital available for 
farm operations. Capital transfer grows from N300 in the first year 
to K2513 in Model lA, N2383 in Model IIA, and H2646 in Model IIIA. 
Generation and flow of capital within the farm business constitute 
the main source of capital used in these models. This is important 
in a system where there are not many formal credit programs. Although 
provision is made to borrow operating capital, it is necessary to 
borrow money for operating expenses for only the first year in the 
oxen model, for three years in the hand model, and for each of the 
five years in the herbicide model. The main reason is that operating 
cost per ha is highest for the herbicide model because of the addi­
tional cost of herbicide, apart from the costs of other inputs. 
A common indicator of farm growth used by farmers is the total 
area farmed or the increase in hectarage farmed. Provision is made 
in the models to rent a maximim of 2 ha each year. For each of the 
models, maximum amount of rented land permissible enters the solution 
Table 6.12. Comparison of optimum solutions, Models lA, IIA, and IIIA° 
Accumulated Crop plan (ha) 
Net , capital Borrowed Family 
Year income transfer capital expenditure Surplus MA SG CT CN CW 
1 N1670.6 N 300 N322.7 N1085.3 N — 4 
1547.6 300 439.2 1023.8 4 
1628.9 300 242.2 1064.5 • 4 
2 2478.2 835,3 149.9 1489.1 6 
2245.5 773.8 343.1 1372.8 — » 6 
2563.3 814,5 — 1531,6 6 
3 3330.2 1239.1 59.3 1915.1 M M 8 
3230.0 1122.8 312.1 1865.0 8 
3465.3 1281.6 — —  1982,7 227.4 8 
4 4179.9 1665.1 2339,9 10 
3949.4 1615.0 214.6 2224,7 10 
4379.4 2189,2 — —  2439,7 654.3 10 
5 5025.5 2089,9 — — 2762,7 162.6 12 
4766.9 1974.7 211.2 2633.4 12 
5292.6 2646.3 2896.3 632,3 12 
2512.7 
2383.4 
2646.3 
Model TA Model IIA Model IIIA 
Total discounted net income N1A,A67.5 N13,645 N14,953.5 
Total hectares cultivated 12 12 12 
Return/hectare 1,205,6 1,137.1 1,246.1 
Return/man-hour (total) .72 .74 1.1 
Return/man-hour (May-Aug) 1.98 2.4 2.96 
Return/man-hour (Sept-Dec) 1.2 1.1 1.7 
T^op figure in each year is Model lA, middle is Model IIA, and lower is Model IIIA. 
U^ndiscounted annual net income. 
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Figure 6.1. Iso-quants representing growth paths of alternative farm 
power technologies 
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each year. Therefore, farm sizes are the same for each of the three 
power sources. 
Seasonal labor shortage is a problem in the study area» An 
already identified labor shortage period is in May-August and it 
has been claimed that the amount of labor a farm has access to at 
this period determines the amount of farming activity he can undertake 
for the rest of the year. The use of herbicides to control weeds 
and employment of animals in the cultivation are relevant technologies 
being considered to overcome this problem. 
The result of this study, as shown in Table 6.13, suggests that 
the use of oxen and herbicides can completely overcome the labor 
shortage problem during the first year on an average farm of 4 ha. 
However, as the farm size increases, the June-August labor problem 
resurfaces. This implies that herbicide has to replace more than 
half labor required for weeding on larger farms and oxen system 
should be adapted to perform more operations than it is being done 
now. Another problem that emerges is the labor shortage in September-
December harvesting time. The use of herbicides can offer little 
or no solution to the problem at this time, but oxen technology can 
be modified to handle weeding, planting and harvesting problems. 
Most concern over farm size has to do with per unit costs 
associated with farms of different magnitude and of different technology. 
No decreasing cost advantage is noticed in both hand and herbicide 
technologies because most of the production costs are operating 
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Table 6.13. Summary of labor activities. Models lA, IIA, IIIA 
Year Type Hand Herbicide Oxen 
1 Labor 1 
Labor 2 
Labor 3 
71.2 
728.8 
1220.0 
71,2 
564.0 
1220.0 
54.0 
504.4 
857,2 
Total 2020.0 1855.2 1415,6 
2 Labor 1 
Labor 2 
Labor 3 
106.8 
1093.2 
1830.0 
106.8 
846.0 
1830.0 
81,0 
756,6 
1285,8 
Total 3030.0 2782.8 2123.4 
3 Labor 1 
Labor 2 
Labor 3 
142.4 
1457.6 
2440.0 
142.4 
1128.0 
2440.0 
108.0 
1008.8 
1714.4 
Total 4040.0 3710.4 2831.2 
4 Labor 1 
Labor 2 
Labor 3 
178.0 
1822.0 
3050.0 
178.0 
1410.0 
3050,0 
135,0 
1261.0 
2143.0 
Total 5050,0 4638.0 3539,0 
5 Labor 1 
Labor 2 
Labor 3 
213,6 
2186,4 
3660.0 
213.6 
1692.0 
3660.0 
162,0 
1513,2 
2571.6 
Total 6060.0 5565.0 4246,8 
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variable costs which are relatively constant per unit regardless of 
size of operation. Oxen technology exhibits some cost advantage 
as farm size increases because it involves some fixed cost items 
in the value of oxen and equipment. 
Section 2 
Results of the models discussed so far emphasize specialization 
in maize production enterprise regardless of the form of power tech­
nology used. Specialization in maize production or any other crop 
for that matter will be unacceptable to the peasant farmers of the 
area. The Zaria study (48) estimated only about 26 percent of the 
cultivated land was put into sole crops and the rest was devoted to 
crop mixtures. This system is where two or more crops are grown on 
one piece of land at the same time. This system offers a high degree 
of diversification and efficiency in the use of resources like labor 
and land. It is conceivable that farmers in the area can be con­
vinced to adopt sole cropping improved technology if some of the 
constraints are removed, it will be too optimistic to assume that 
peasant farmers will buy a system of sole crop specialization at 
this point in time or in the nearest future. 
Heady had earlier developed the fundamentals of diversification 
in agricultural applications (26). Using Heady's approach., Abalu (1) 
has demonstrated that the farmer is sticking to crop mixture system, 
which is being interpreted here as a form of diversification, mainly 
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because it is a way of averting risks- Norman (50), on the other hand, 
sees intercropping system as a means of achieving profit maximization 
and risk aversion strategy. 
Subsistence in the form of adequate food provision for the family 
is an important objective of peasant farming and this factor has a 
lot of influence in the cropping plan. In the light of this, the 
next set of models assumes the farm grows a minimum of 1.2 ha of 
sorghum, the output from which is considered sufficient for family 
grain requirements, and .2 ha of cowpeas for nutritional purposes. 
Maize production is constrained to a maximum of half the amount of 
land available in a given year. The results from these models will 
be compared with those discussed in the earlier section. 
Model IB: Optimum Solution Under Hand Labor Only and 
With Restrictions on Levels of Some Crop Activities 
The objective function for this model carried out under hand 
power is to maximize the discounted net returns subject to the condi­
tion that minimum quantities of essential food crops be produced in 
addition to other resource constraints stated in Model lA. The value 
of the objective function is N10,222.2 for the entire planning period 
of five years. Whenever an optimal arrangement is altered, given 
the same set of resource constraints, the result is that the value 
of the program has to suffer a reduction. In order to satisfy the 
farmer's personal desire to produce given quantities of some crops 
no matter the cost, the value of the program has to fall from K14,467.5 
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to *10,222.2 which is a net loss of X4,245.3. This is a huge sum of 
money as far as the farmer is concerned, but most farmers are likely 
to be willing to pay this price or the risk premium in order to ensure 
that their families are adequately fed. 
Crop activities 
As usual, crop activities specified in this model are similar 
to those of Model lA and do not require any rotation pattern. As 
can be seen in Table 6.14, the optimum solution for the model tends 
towards an annual rotation of maize-sorghum-groundnuts-cowpeas. The 
maximum amount of land allowed by land constraints is used up every 
year. The specified minimum areas of sorghum and cowpeas enter the 
program each year and not more. This result testifies to the fact 
that sorghum and cowpeas activities could not have been able to enter 
I 
the optimum solution on their own if not forced in. On the other 
hand, maize production activity enters the solution at optimum level 
to which it has been constrained. Hence, maize is planted annually 
to half of total land available. Area planted with maize increases 
from 2 ha in the first year to 6 ha in the fifth year. This shows 
the supremacy of maize technology over all others examined in this 
study. 
Since sorghum and cowpeas could not exceed the minimum levels 
of output specified, and maize is constrained not to exceed a speci­
fied maximum limit, other crops which are also profitable are free 
to enter the solution. Groundnut does and fills the space which 
Table 6.14. Optimum solution, Model IB and its comparison with lA - hand technology^  
Year 
Net 
income 
Accumulated 
income 
transfer 
Borrowed Family 
capital expenditure Surplus 
Crop plan (ha) 
MZ SC. CT GN CW 
1 N^ 1170.9 N 300 N276.9 N 835.5 
1670.6 300 322.7 1085.3 
2 1743.6 585,5 357.3 1121.8 
2478.2 835.3 149.9 1489.1 
3 2369.3 871.8 394.8 1434.6 
3330.2 1239.1 59.3 1915.1 
4 2993.8 1184.6 360.7 1796.9 
4179.9 1665.1 2339.9 
5 3605.1 1496.9 430.6 2052,6 
5025.5 2089.9 - - 2762,7 
6 1802.5 
2512.7 
Discounted net income 
Total hectares cultivated 
Return/ha 
Return/man-hour (total) 
Return/labor (May-Aug) 
Return/labor (Sept-Dec) 
Model TA 
N14,467.5 
12 
1,205.6 
.72 
1.98 
1.2 
162 .6  
Model IB 
N10,222.2 
12 
851.9 
.48 
1 . 0  
.98 
2  1 . 2  —  . 6  . 2  
4 — — — — 
3 1.2 — 1.6 .2 
6 — — — 
4 1.2 — 2.6 .2 
8 — — — — 
5 1.2 — 3.6 .2 
10 — 
6 1.2 ~ 4.6 .2 
U - — 
T^op figure in each year is Model IB and the lower figure is Model lA. 
h^a = hectare. One hectare is approximately 2.5 acres, 
= one nair = 1.8 U.S. dollar (1979/80). 
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ocherwise might have been planted to maize crop had it not been 
constrained. Groundnut enters the solution at .6 ha the first year, 
1.6 ha the second year, 2.6 ha the third year, 3.6 ha the fourth year, 
and 4.6 ha the final year. Cotton is not constrained to be produced 
and -c.nnot enter the solution in this model on its own. 
Reduced cost analysis in this model can be I'sed to explain 
profitability of some crops and unprofitability of others and also 
why the value of the objective function in this model is lower than 
in Model lA. In the first year, the reduced cost for maize enterprise 
is a positive ^ alue of N225.6. Since maize enterprise has been con­
strained not to exceed a given upper limit, the interpretation of 
its reduced cost implies that if one more hectare is planted with 
maize the value of the program can be increased by N225.6. Reduced 
cost for sorghum for the first year is a negative value of -N40.4. 
This implies that the value of the program can be increased by N40.4 
if one hectare of sorghum is taken out of production, since it has 
been forced into solution in this case. The same interpretation is 
true of cowpea's reduced cost of N90.2. 
Groundnut, which in this case comes into the solution on its 
own merit, has no reduced cost. Cotton has the largest reduced cost 
value of ÎÎ106.3, which means that if one hectare of cotton is forced 
into solution, the value of the objective function will be reduced 
by N106.3. 
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Another way to find out the competitiveness of the crop enter­
prises and also determine what needs to be done to profitably produce 
those crops currently not in the solution is to examine the sensitivity 
analysis. 
Table 6.15 summarizes by how much per unit price should rise 
or yield per ha should be raised if any of the crops not in solution 
will be produced without lowering the value of the objective function. 
It also shows yield and price increases necessary to produce more 
of any of the crops now in solution. Maize is constrained to some 
maximum limits the range analysis in Table 6.15 also indicates by 
how much maize price would have to go down to further reduce the 
level of maize production activity in solution. 
Labor activities 
Labor restrictions in this model are also divided into three 
periods or seasons and defined in man-hour units. Time season 1 
corresponds with January, February, March and April months; time 
season 2 is defined as May, June, July and August; and the third 
season is defined to be September, October, November and December. 
There is no limit on the amount of labor that can be hired in a 
season. 
Table 6.16 describes the pattern of labor utilization. In each 
of the five years, total amount of family labor is used up in time 
periods 2 and 3. Family labor is sufficient for production in the 
first season of the first three years. But as the farm size in­
creases to 10 ha in the fourth year, additional labor has to be hired 
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Table 6-15. Interpretation of range analysis. Model IB 
Equivalent 
yield 
Quantity Hectares per ha 
Year Crop Price (kg) (ha) (kg) 
SG 23k 2391 1.8 1548 
CT 45k 442 .6 1068 
GN 48k 3198 2.6 1980 
CW 38k 880 0.8 1400 
MZ 12k — — 1738 
SG 21k 3112 2,3 1516 
CT 42k 312 .4 1071 
GN 46k 2214 1.8 2012 
CW 36k 769 .7 1402 
MZ Ilk 811 2.5 1677 
SG 21k 2572 1.9 1540 
CT 41k 536 .7 1074 
GN 43k 4351 3.5 1982 
CW 34k 3080 2.8 1385 
MZ Ilk 8873 3.1 1768 
SG 20k 6461 4.8 1560 
CT 39k 2650 3.6 1098 
GN 41k 6741 5.5 2037 
CW 31k 1024 .9 1364 
MZ 10k 9038 3.1 1704 
SG 19k 7807 5.8 1582 
GN 38k 13038 10.6 1973 
CW 30k 2613 2.4 1361 
MZ 9k — — 1774 
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Table 6.16. Summary and comparison of labor activities. Models lA 
and IB 
Model lA Model IB 
Year Period Family Hired Total Period Family Hired Total 
1 1 71.2 — 71.2 1 155.8 — 155.8 
2 700.0 28.8 728.8 2 700.0 115.2 815.2 
3 500.0 720.0 1220,0 3 500.0 527.0 1027.0 
Total 1271.2 728.8 2020.0 Total 1355.8 728.8 1998.0 
2 1 106.8 106.8 1 213.6 213.6 
2 700-0 393.2 1093.2 2 700.0 647.4 1347.4 
3 500.0 1330.0 1830,0 3 500.0 1059.0 1559.0 
Total 1306.8 1723.2 3030.0 Total 1413.6 1706.4 3120.0 
3 1 142.4 142.4 1 271 271.0 
2 700.0 757.6 1457.6 2 700 1179.6 2579.6 
3 500.0 1940.0 2440.0 3 500 1591.0 2091.0 
Total 1342.4 2697.6 4040.0 Total 1471 2770.6 4241.6 
4 1 178 — 1 1  178.0 1 300 29.2 329.2 
2 700 1122 1822.0 2 700 1711.8 2411.8 
3 500 2550 3050.0 3 500 2123.0 2623.0 
Total 1378 3672 5050.0 Total 1500 3864.0 5364.0 
5 1 213.6 — 213,6 1 300 87 387 
2 700.0 1486.4 2186.4 2 700 2244 2944 
3 500.0 3160 3660.0 3 500 2655 3155 
Total 1413.6 4646.4 6060 Total 1500 4986 6486 
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to supplement family labor. Total amount of labor used in the first 
year in this model is comparably less than the quantity of labor 
used during the first year of Model lA. This is because sorghum 
production, which requires less labor than maize, forms a sizeable 
proportion of the overall production in this model whereas maize is 
the only crop produced in Model lA. As the farm size increases from 
the second year through the fifth year, labor requirement for the same 
size of farm is greater in this model than in Model lA, 
Labor shortage problem during May-August is likely to be a more 
serious problem in this model than in Model lA. Quantity of labor 
used at this period of the year for farms of equal sizes is greater 
in Model IB than in Model lA. The reason is that about four different 
types of crops requiring different cultural operations at different 
times within the four months are raised in this model, whereas maize 
is the only crop enterprise in solution in Model lA. Another reason 
is the fact that more hectares of groundnut, which is more labor-
consuming than any other crop enterprise except cowpeas, are introduced 
into the program as farm size grows through the years. 
The lesson from this is that it is more time consuming for a 
farmer to engage in several crop enterprises than to specialize in 
one or a few. It is therefore obvious that it will be difficult to 
expand under the assumption of this model if the farm power base is 
not changed. 
Although the labor requirement for the third period, which is 
the harvesting period of each year, is greater than labor requirement 
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for the second period, labor shortage during the latter period is 
considered more serious than in the former because of supplementary 
labor input that can be expected from children and women during the 
harvesting time. Also, in this model, the quantity of labor used 
at harvesting time is less than the amount used in Model lA in each 
of the years of the plan. This is because maize is much more high 
yielding than any of the other crops. Since maize dominates Model lA, 
it is not surprising to note that more labor input is required at 
harvest time. 
In linear programming, only those resources which are limiting 
or totally used up have positive shadow prices. Although family 
labor is limited, there is no constraint on the amount of labor that 
can be hired at any time. In view of this, labor shadow price does 
not mean too much in this case. 
Table 6.17. Labor shadow prices. Model IB 
Slack Shadow prices 
Year Period 1 Period 2 Period 3 Period 1 Period 2 Period 3 
1 144.2 — — '— ,23 .23 
2 86.4 — — — .22 .22 
3 28.6 — — — .21 .21 
Land 
Land is not valued in the model because it is communally owned, 
but its value can be imputed from its shadow price. Even though no 
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data to support this conclusion, Wharton (65), in his report on a 
study in Brazil, asserts that "one of the most significant findings 
of the study was that there are some farmers that are too poor to 
benefit from some type of credit program." In general, significant 
agronomic research has been done on maize, sorghum, cotton, groundnuts 
and cowpeas—all of which require relatively more extensive land use. 
Little research has been directed towards high income crops which 
can make small units more viable. It is therefore necessary to expand 
through acquisition of more land. 
All the land constraints for each year were fully used up includ­
ing maximum of 2 ha allowed to be rented each year. The restrictions 
on land in the model are not necessarily because of land scarcity, 
but because of the perceived technological limitation. Total land 
cultivated the first year is 4 ha and farm size increases in 2 ha 
annual incremental units to a maximum of 12 ha the final year. 
Shadow price for owned land for the first year is N201, K18A the 
second year and declines to a value of N146 the fifth year. The 
declining trend is probably because of the quantity of land that is 
made available becomes larger each succeeding year. Since the 
enterprises in solution and their prices remain the same, the marginal 
productivity of land has to fall as more land input is being used. 
The trend is also due to the discounting of the values of returns 
in later years. Shadow price of rented land also indicates declining 
trend with the highest value in the second year being N157 and the 
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lowest value of N125 in the fifth and last year. The interpretation 
of the value of land shadow price stresses the fact that more land 
can still profitably be brought into production and that farm business 
in the area has the potential to expand if relevant farm power is 
made available. The values of land's shadow prices in this model 
are lower than those of Model lA, This is simply because the value 
of the program in Model lA is greater than the value of this program. 
Financial activities 
Table 6.14 gives the summary of the financial activities. The 
plan starts with N300 of the operator's own capital with a provision 
to borrow capital without limit as long as it is necessary to do 
so at 7% interest rate. A sum of N276.9 is borrowed the first year 
and JÎ357.3 the second year. A total of N394.8 is borrowed in the 
third year, N360.7 the fourth year and N430.6. However, the pattern 
and the purpose of borrowing change as from the third year. Borrowing 
is confined to the third period of the year and is mainly for hiring 
labor as from the third year. Capital borrowing can be avoided at 
the third period if it is assumed in the model that early harvested 
crops can be sold for cash to finance expenses of the third period 
of the year. Alternatively, it can be assumed that payment for hired 
labor can be delayed till the end of the year when all the farm products 
are normally sold. All capital borrowed is repaid plus interest at 
the end of the same year in which it is borrowed. 
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Annual capital requirements in this model are slightly less in 
this model than in Model lA. This is because maize production tech­
nology in general is more capital-intensive than most of the other 
crop technologies compared here. Since the quantity of maize pro­
duced in this model is less than the amount produced in Model lA, it 
is logical to expect production cost in this model to be less than 
in any model which includes higher levels of maize production 
enterprise. 
Net income per annum increases from N1170.9 the first year to 
N3605.1 the fifth year. The systematic way in which farm income in­
creases is expected because the model is designed to expand the scale 
of operation each year by 2 ha incremental units. Annual incomes 
generated in this model are less than income generated in Model lA 
because the model is forced to produce less profitable crops in order 
to satisfy the farmer's personal subjective wishes. 
The model specifies annual fixed consumption expenditure of 
N250 plus 50 percent of annual net returns over N250. Because annual 
incomes are less in this model, it is not a surprise that annual con­
sumption expenditures in this model are less than those of Model lA. 
Consumption expenditures show an increasing trend as farm size in­
creases and income becomes bigger. The model permits capital transfer 
from one year to the next. Through the process of the transfer, 
cumulative capital derived from unused cash in a year is transferred 
as the capital base for the following year. It grows from'N300 the 
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first year to K1802.6 at the beginning of the sixth year. Annual 
capital transfers are less in this model than in Model lA just because 
annual returns are lower. 
Model IB assumes the same improved crop production technologies 
and reliance on the use of manpower alone as the source of farm power 
as in Model lA. The distinguishing feature between the two is that 
Model IB imposes some compulsory levels of crop activities to be 
carried out whether or not it is optimal to do so. Because of this, 
the composition of the enterprises in the solution alters giving 
rise to different income results. The discounted value of the objec­
tive function for this model for the entire five-year period is 
*1022.2 as compared to *14,467.5 the discounted value of the objec­
tive function for Model lA. 
The optimal solution of this model shows farm growth can be 
achieved, but that the rate of growth depends to a large extent on 
the goals and the constraints under which the farmer wishes the 
objective function be achieved. 
On the basis of profitability. Model lA is superior to Model IB. 
If we assume that the farmer is risk averse. Model IB is superior to 
Model lA on the basis of utility maximization as he has more assurance 
that the basic food for consumption is guaranteed under the conditions 
of Model IB than those of Model lA. This in part explains why farm 
size has remained very small and income very poor in peasant 
agriculture. 
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Model IB results also suggest that labor shortage problem at 
the peak labor demand period, May-August, is more accute when more 
than one crop activity is engaged in than when the plan consists 
of only a single or fewer crop production activities. 
Model IIB: Optimum Solution Under the Use of Herbicides and 
With Restrictions on Levels of Some Crop Activities 
The model assumes discounted income maximization subject to resource 
constraints, minimum production of essential food crops and the use 
of herbicide to augment hand labor- The value of the objective func­
tion is N9,215.3, which is less than that of Model IB. Production 
cost per hectare in this model is higher than that of Model IB because 
groundnuts is produced in large quantity in Model IIB. Apart from high 
cost of labor involved in groundnut production, herbicide cost per ha 
is higher for groundnut than for any other crop. 
The main difference between this model and Model IB is that mini­
mum quantities of essential food crops are constrained to be produced 
no matter what income penalty this might mean. This means that maize 
production has to be curtailed even though it is the most profitable 
enterprise. The value of the objective function falls from N13,645 
in Model IB to N9,215.3 when constraints are imposed on levels of crop 
activities. The difference in the values of the two models is *4,279.7— 
almost 33% income reduction. This is the premium a farmer who adopts 
this model is willing to pay to avoid the risk of not having enough 
food for family consumption. 
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Crop activities 
Crop activities in the optimum solution of this model include 
maize, sorghum, groundnut and cowpeas. The model specifies that maize 
cannot occupy more than half the land area under cultivation in any 
particular year, a minimum of 1.2 ha of sorghum must be produced in 
a given year for family consumption and at least .2 ha of cowpeas has 
to be produced to satisfy the nutritional requirements of the family. 
All hectares of land allowed each year is used up. The minimum of 1.2 
ha of sorghum and .2 ha of cowpeas specified are met each year and no 
more. This result suggests that these activities could not have come 
into solution on their own merits were they not constrained. Maize 
production activity enters the solution at the maximum level specified 
each year. The levels of maize enterprise in solution in the first 
year are 2 ha in the first year, 3 ha in the second year, 4 ha in the 
third, 5 ha in the fourth, and 6 ha in the fifth year as indicated in 
Table 6.18. 
As indicated by the reduced cost analysis in Model IB, groundnut 
which is the next most profitable enterprise besides maize, comes 
into solution after all the restrictions have been met. Groundnut 
acreage in solution increases from .6 ha in the first year to 4.6 ha 
in the last year. Cotton which is still the least competitive of all 
the enterprises in this model is not in solution in any year throughout 
the entire period of five years. Farm size grows from 4 ha in the 
first year to 12 ha in the fifth year. 
Table 6.18. Comparison of optimum solutions; Models IIB and IIA^  - herbicide technology 
Accumulated Crop plan (ha) 
Net income Borrowed Family 
Year Income transfer capital expenditure Surplus MZ SG CT GN CW 
1 N1057.5 
1547.6 
N 300 
300 
N384.8 
439.2 
N 778.7 
1023.8 
2 
— If 
1.2 — . 6 .2 
2 1412.8 
2245.5 
528.7 
773.8 
574 
343.1 
956.4 
1372.8 
3 
— 6 
1.2 — 1.6 .2 
3 2289.9 
3230.0 
706.4 
1122.8 
754.7 
312.1 
1314.0 
1865.0 —— 8 
1.2 - 2.6 .2 
4 2691.1 
3949.4 
1144.9 
1615.0 
708,9 
214.6 
1595.6 
2224.7 
5 
10 
1.2 -- 3.6 .2 
5 3265.5 
4766.9 
1345.5 
1974.7 
415.7 
211.2 
1882.8 
2633.4 
— 6 
12 
1.2 - 4.6 .2 
1632.8 
2383.4 
Model IIA Model IIB 
Discounted total net income N13,645 N9,215.3 
Total hectares cultivated 40 40 
Returns/ha N 341.13 N 230.38 
Returns/man-hour (total) ,74 ,48 
Returns/man-hour (May-Aug) 2.4 1.25 
Returns/man-hour (Sept-Dec) 1,1 .88 
o^p figure in each year is Model IIB and lower figure is Model IIA. 
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The reduced cost for sorghum during the first year is K58.7, which 
indicates that an increase in sorghum activity by one hectare would 
reduce the value of the program by N58.7 or alternatively, since sorghum 
is in solution only because it has been forced in, a decrease in the 
level of sorghum in solution by one hectare would increase the value 
of the program by K58.7. Sorghum reduced cost in the second year is 
N9.8, N15.3 in the third year, N16.7 in the fourth year, and N19.9 in 
the fifth year. The relatively small reduced cost figures in later 
years suggests that income loss brought about by setting aside some 
land for sorghum production is becoming more and more insignificant 
as farm size becomes bigger. During the first year, sorghum produc­
tion is one-third of the total farm size; whereas, it constitutes only 
one-tenth of the farm in the fifth year. 
Reduced cost for cotton indicates that if one hectare of cotton 
is forced into the solution in the first year, the income loss penalty 
on the program is N86.1. The smallest reduced cost for cotton is K53.4 
during the fourth year. Groundnut has no reduced cost because it is 
in solution on its own merit. Reduced costs for cowpeas activity that 
has also been forced into solution is ît39 during the first year, N42 
in the second year, N40.8 during the third year, *30.7 in the fourth 
year and N28 in the fifth year. The trend appears constant during 
the early years and declines later. The same explanation offered for 
the declining trend of the reduced cost figures in the case of sorghum 
is also valid here. 
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The reduced cost figures for maize are positive throughout the 
years. The interpretation for the reduced cost on maize is that income 
can be increased by the values of the reduced costs in each of the 
five years if maize production activity can be increased by one hectare. 
This result testifies to the supremacy of maize technology in this 
study regardless of farm power base. 
Since all the crops considered in this study must be produced 
in large quantities to provide the country with the required food and 
fibers, we must investigate what can be done to improve the competi­
tiveness of those crops that are either not in solution or have to be 
forced into solution whether or not it is profitable to do so. 
In Table 6.19, the range analysis is used to estimate the 
price levels that will take to bring those activities that are not 
in solution into the plan on their merits. Similarly, yield increases 
that will justify the production of these crops even if the current 
product prices persist while the production costs are held constant, 
are also calculated. 
Labor activities 
Labor restrictions in this model have been classified into three 
time periods as in earlier models in recognition of the three distinct 
labor use periods. Table 6.20 shows the pattern of labor utilization 
in this model where herbicide is used to partially control weeds, thus 
reducing the amount of time needed for weeding operation. During the 
first year when the farm size is 4 ha, family labor supply is sufficient 
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Table 6.19. Summary of range analysis. Model IIB 
Equivalent 
yield 
Price Quantity Hectares per ha 
Year Crop per kg (kg) (ha) (kg) 
SG 24k 2423 1.8 1615 
CT 43k 442 ,6 1014 
GN 48k 1354 1.1 1948 
CW 34k 880 .8 1232 
MZ 13k 4344 1.5 1825 
SG 20k 3769 2.8 1417 
GN 47k 5658 4.6 2087 
CW 32k 1477 1.3 1257 
MZ Ilk — — 1631 
SG 19k 2578 1.9 1421 
GN 45k 4787 3.9 2050 
CW 31k 3080 2,8 1251 
MZ 10k 7845 2.7 1609 
SG 18k 6396 4.8 1441 
CT 33k 2056 2.8 934 
GN 43k 6700 5.4 2106 
CW 28k 1021 .9 1223 
m 9k 9134 3.2 1601 
SG 17k 7807 5,8 1464 
GN 40k 7754 6.3 2065 
CW 27k 2610 2.4 1219 
m 9k 12445 4.3 1630 
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Table 6.20. Comparison of labor utilization. Models IIA and IIB — 
herbicide technology 
Model IIA Model IIB 
Year Period Family Hired Total Period Family Hired Total 
1 1 71.2 — 71.2 1 155.7 155.7 
2 564 — 564 2 632.9 — 632.9 
3 500 720 1220 3 500.0 527 1027.0 
Total 1135.2 720 1855.2 Total 1288.6 527 1815.6 
2 1 106 106 1 213,5 mm 213.5 
2 700 146 846 2 700.0 350.9 1050.9 
3 500 1330 1830 3 500.0 1059 1559.0 
Total 1306 1476 2782 Total 1413.5 1409.9 2823.4 
3 1 142 142 1 271.3 271.3 
2 700 428 1128 2 700 770.9 1470.9 
3 500 1940 2440 3 500 1591.0 2091.0 
Total 1342 2368 3710 Total 1471.3 2361.9 3833.2 
4 1 178 ____ 178 1 300 29.1 329.1 
2 700 710 1410 2 700 1190.9 1890.9 
3 500 2550 3050 3 500 2123.0 2623.0 
Total 1378 3260 4638 Total 1500 3343 4843 
5 1 213 213 1 300 86.9 386.9 
2 700 992 1692 2 700 1610.9 2310.9 
3 500 3160 3660 3 500 2655.0 3155.0 
Total 1413 4152 5565 Total 1500 4352.8 5852,8 
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for the farm requirement during the first two periods of the year 
including the peak labor demand period in May-August. This implies 
that even if the use of herbicide results in reducing only half of the 
labor required for weeding, labor shortage problem of May-August can 
be resolved even when a variety of crops are raised within a year. 
However, the use of herbicide leaves labor problem of the harvesting 
time unresolved. About 527 hours of labor are hired to supplement 
family labor during September-December season. The amount of family 
labor left unused is 144 hours during the first period and 69 hours 
during the second period of the first year. The use of the fixed 
labor resource in other non-farm employment is not considered in this 
model because it is assumed that family labor has no ready employment 
elsewhere. 
In comparing this model with Model IB using handpower only, about 
115.2 hours of labor are hired to supplement the family labor during 
May-August period as indicated in Table 6.20. 
In the second year, when the farm size has increased to 6 ha, 
the amount of family labor is no longer enough for farm in May-August 
period although family labor is adequate for the first period. This 
implies that a farm using herbicide under our assumptions cannot rely 
solely on family labor to get its work done during the peak season 
if the farm size is greater than 4 ha. Labor input hired during the 
second period is 351 hours. In a similar model, where handpower only 
is used, about twice that amount of labor is hired in the same period. 
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The harvest-time labor problem remains the same as when herbicide 
chemicals are not used. 
The labor problem at the peak demand period worsens as farm size 
increases as more and more hired labor is required as farm size in­
creases through the years. Quantity of labor hired at the second 
period of Year 3 is 771 hours and rises to a climax of 1611 hours in 
the fifth year when the farm size becomes 12 ha. Although the use 
of herbicides, which is assumed to be capable of reducing weeding 
labor requirement by half, may not be able to solve the labor bottle­
neck of May-August completely as farm size exceeds 4 ha; the result 
indicates that it can temper the severity of the problem. 
Table 6.21. Labor shadow prices. Model IIB 
Slack Shadow prices 
Year Period 1 Period 2 Period 3 Period 1 Period 2 Period 3 
1 144.2 69.1 — — — .23 
2 86.3 — — — .22 .22 
3 28.7 — — — .21 .21 
4 — — — . 20 « 20 .20 
5 — — — . 18 .18 .18 
The shadow prices do not mean much in this model since all labor 
required is assumed available either from the family labor supply or 
by hiring at local wage rates» The shadow price figures are slightly 
higher than the wage rate and they indicate that labor is more restric­
tive during the second and third periods of the year than the first 
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period. More labor is used in this model where restrictions are im­
posed on the production of certain crops than in Model IB where herbicide 
is also used but the choice of which crop enterprise to include in the 
solution is left to the program. 
Land 
Land or the farm size is about the only restricted resource in 
this model as in other models used in this study. The farm size is 
restricted to such scales of operation that are considered manageable 
for a small farmer given his resource, managerial and technological 
capabilities. All the land made available in each year is used up. 
Farm size increases from 4 ha in the first year to 12 ha in the fifth 
year as expected. 
No specific value is given to land because it is the property 
of the community, but its shadow prices would be used to impute its 
worth. The shadow prices for land are N220.8 in the first year, N141 
in the second year, N1A0.9 in the third year, N118.7 in the fourth 
year, and N111.8 in the fifth year. The declining trend is probably 
due to the fact that large quantity of land is used in each succeeding 
year which tends to lower marginal productivity of land and also because 
the values of the products are discounted as time goes on. Marginal 
value of rented land also declines from year to year for similar reasons 
given to owned land above. 
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Financial activities 
Generation and flow of capital within the farm business consti­
tutes the bulk of capital used in this model. Capital borrowing is 
allowed whenever income generated from the farm is not enough to cover 
the farm expenses. The amount of capital borrowed in a year must be 
repaid plus interest at the end of the same year. 
The discounted value of net returns and the undiscounted annual 
incomes in this model are lower than in other models discussed earlier. 
The manner in which the model is constructed allows farm size to expand 
every year; hence, income per annum increases from Nl,057.5 in the 
first year to N3,265.5 in the fifth year (Table 6.18). More capital 
is borrowed in this model than in Model IB even though less capital 
is spent annually. The reason is that less income is made in this 
model than in Model IB. A major withdrawal from income is the fund 
for consumption purposes. A fixed amount of X250 plus half of income 
over S250 is deducted for family expenditure annually. Since annual 
incomes are lower in this model, family consumption expenditures are 
also lower. This is because of higher cost of production as a result 
of using other improved inputs like fertilizer plus herbicide to con­
trol weeds. However, consumption allowance grows larger and larger 
with the years. 
The bulk of the operating capital is provided by the unconsumed 
income transferred from one year to the next and capital transfers 
from one season to the other within a year. Such accumulated capital 
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rises from N300 in the first year to *1,632.8 at the end of the fifth 
year. Annual income transfers in this model are smaller in this model 
than in Model IIA simply become incomes made are smaller. 
Growth does occur for a farm using herbicides to control weeds 
in addition to using other improved practices. Herbicide costs are 
too high relative to the assumed level of weed control and weeding 
could be done more cheaply by hand labor at the current wage rate 
providing hired labor is available in the required amount and time. 
Since hired labor may not in actual situations be present in the 
right quantity and time, many farmers would still prefer to use herbi­
cides if available, especially if the farm size is fairly large. Hand 
weeding is a very strenuous operation and some farmers would like to 
save themselves the trouble and use herbicides even at the penalty 
of reduced profits. Herbicide cost per ha of groundnut is N56 which 
is far greater than the costs of all other inputs except labor. The 
prominence of groundnut as the farm size increases can explain why 
more capital is borrowed and returns lower than in a similar situation 
in Model IB where herbicide is not used. The next production activity 
with high per hectare herbicide cost which features in the solution 
is maize with N30,5 per ha. 
It should be noted that no subsidy is considered in the case of 
herbicide costs whereas a subsidy of about 50 to 65 percent is in 
effect in the case of fertilizers. There is a strong possibility of 
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a reduction in the costs of herbicides if found effective and it is 
adopted by farmers either through subsidies or some market forces. 
Model IIIB: Optimum Solution Under Oxen Power Technology 
With Restrictions on Levels of Some Crop Activities 
The discounted value of the objective function for this model 
is «10,524.9. This model assumes the use of oxen as a source of farm 
power to supplement human efforts whenever possible. The crop activi­
ties and constraints are the same as those in Model IIIA, except that 
the technical coefficients for capital and labor used in this model 
belong to an average farmer who uses a pair of oxen and equipment to 
augment human labor. 
Crop activities 
The uncertainty of the weather, technology performance, yield, 
prices and consequently income would tend to make a plan of continuous 
maize specialization unacceptable to small farmers. There are lots 
of evidence to believe that a diversified cropping system would not 
only be acceptable to the farmer but would guarantee the supply of 
those crops needed to feed his family. Earlier studies in the Zaria area 
have stressed the popularity of mixed-cropping (which can be considered 
an extreme form of diversification) and farmers' insistence in its 
continuation (1, 50, 55). In the light of this observation, provision 
is made in this model to allow the production of minimum quantities of 
sorghum which is the staple food of the people of the area. Some 
Table 6.22. Comparison of optimum solutions for Model TUB with IIIA^  - oxen technology 
Accumulated Crop plan (ha) 
Net income Borrowed Family 
Year income transfer capital expenditure Surplus M% SG CT GN CW 
4 
5 
N1112.3 N 300 N212.6 N 706.1 — —  2 1.2 — . 6 .2 
1628.9 300 242,2 1064.5 4 
1765.4 556.1 255.9 1132.7 —» ^  3 1.2 — 1.6 .2 
2563.3 814,5 — — 1531,6 — —  6 
2451.8 882.7 201.8 1475,9 4 1.2 2.6 .2 
3465.3 1281,6 1982,7 227.4 8 
3258.9 1225.9 131,1 1824,3 265.4 5 1.2 -- 3.6 .2 
4379.4 1732.7 —  —  2439,7 654.3 10 -- —• 
3830.6 1574,3 55.2 2165.2 6 1.2 -- 4.6 .2 
5292.6 2189.7 • 2896,3 632.3 12 
1915.3 
2646.3 
Model IIIA Model IIIB 
Total discounted net Income N14,953.5 N10,525 
Total hectares cultivated AO 40 
Return/hectare N 373,84 N 263.13 
Return/man-hour (total) 1.1 .64 
Return/man-hour (May-Aug) 2.96 1.52 
Return/man-hour (Sept-Dec) 1.7 1,23 
T^op figure in each year is Model IIIB and lower figure is Model IIIA. 
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quantities of cowpeas have to be produced for nutritional reasons and 
maize should not occupy more than half of the total area available for 
crop production in any given year. 
The optimum solution indicates the production of maize, sorghum, 
groundnut and cowpeas every year. While sorghum and cowpeas activities 
remain fixed it their specified minimum levels of 1.2 ha and .2 ha 
every year, respectively, farm size grows in the direction of more 
maize and groundnut as more land becomes more available. Maize produc­
tion grows from 2 ha in the first year to 6 ha at the fifth an final 
year of the plan, while groundnut activity expands from .6 ha in the 
first year to 4.6 ha in the fifth year. Cotton does not appear in the 
optimal solution. 
The values of the reduced cost for cotton are as follows: N130.1 
in the first year, N85.6 the third year and N82.3 in the fifth year, 
which implies that if cotton had been included in any of the speci­
fied years, the value of the optimal plan would have been reduced by 
the respective values of the reduced cost. Sorghum activity is in 
solution because it is forced to be there, therefore, its presence 
at the indicated level is causing the farmer some loss of income and 
the position can only be worsened by increasing sorghum production 
from its current level. This in essence is the interpretation of 
the reduced cost figures for sorghum which are: K84.9, N39,3, N42.6, 
N36-2 and N39.6 for each of the five years respectively. 
Groundnut has no reduced costs because it comes into the solu­
tion on its own merit. The reduced cost values for cowpeas are K90.6 
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in the first year, N70.6 in the second year, and the smallest value 
of N56.9 in the fifth year. The magnitude of the reduced cost figures 
indicates that cowpeas technology is least efficient next to cotton 
technology. Positive reduced cost values for maize indicate that 
if the limit restriction is lifted on maize activity, income or value 
of the objective function can be enhanced by devoting more land to 
maize production. 
In order to ensure that crops that are hither-to not in solution 
or that are in there only because they are constrained to be, will be 
produced without loss of profits, we would investigate what can be 
done to improve their competitiveness. Two actions toward this effect 
are obvious: output prices will either increase or the yields per 
ha will increase or a combination of both without increasing costs 
of production. A summary of this enquiry is in Table 6.23 
Labor activities 
Both family and hired labor have been classified into three cate­
gories according to seasons. No labor input is hired in the first 
period (Jan-April) in any of the five years. At an average farm size 
of 4 ha, there is no need to hire outside labor as the family labor 
is enough to cope with the pressures of the peak season when animals 
are used to supplement human labor as in Table 6.24. But at 6 ha 
farm size in the second year, labor shortage problem resurfaces and 
about 287 hours of labor have to be hired during Period 2 of the year. 
The quantity of labor hired at this time of the year in this model is 
138 
Table 6.23. Summary of range analysis. Model IIIB 
Equivalent 
yield 
Price Quantity Hectares per ha 
Year Crop per kg (kg) (ha) (kg) 
1 SG 26k 2422 1.8 1750 
CT 49k 442 .6 1154 
GN 47k 1672 1.4 1923 
CW 38k 880 .8 1400 
MZ 13k 3594 1.2 1854 
2 SG 22k 2091 1.6 1556 
CT — — 
GN 47k 3390 2.8 2065 
CW 34k 1980 1.8 1351 
MZ Ilk 5343 1.8 1662 
3 SG 21k 4684 3.5 1570 
Li 
GN 44k 4838 3.9 2004 
CW 33k 3080 2.8 1296 
MZ Ilk 7726 2.7 1738 
4 SG 20k 3427 2.5 1560 
CT 33k 812 1.1 1064 
GN 42k 5193 4.2 2042 
CW 30k 2593 2.4 1336 
MZ 10k 12684 4.4 1704 
5 SG 19k 2170 1.6 1590 
CT 36k 249 0.3 1060 
GN 39k 7374 6.0 1999 
CW 29k 2931 2.7 1329 
MZ 10k 13340 4.6 1738 
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Table 6.24. Comparison of labor utilization for Models IIIB and IIIA -
oxen technology 
Model IIIA Model IIIB 
Year Period Family Hired Total Period Family Hired Total 
1 1 54 — 54 1 124.6 — 124.6 
2 504. ,4 — 504 2 590.7 — 590.7 
3 500 357.2 857.2 3 500 326.1 826.1 
Total 1058. 4 357.2 1415.6 Total 1215.3 326.1 1541.4 
2 1 81. 4 81.0 1 164.1 164.1 
2 700. 0 56.6 756.6 2 700 286.8 986.8 
3 500. 0 785.8 1285,8 3 500 767.4 1267.4 
Total 1281. 0 842.4 2123.4 Total 1364.1 1054.2 2418.3 
3 1 108 108 1 203.1 203.1 
2 700 308.8 1008.8 2 700 682.9 1382.9 
3 500 1214.4 1714.4 3 500 1208.7 1708.7 
Total 1308 1523.2 2831.2 Total 1403.1 1891.6 3294.6 
4 1 135 135.0 1 243.1 243.1 
2 700 561.0 1261.0 2 700 1079.0 1779.0 
3 500 1643.0 2143.0 3 500 1650.0 2150.0 
Total 1335 2204.0 3539.0 Total 1443.1 2729.0 4172.1 
5 1 162 — 162 1 282.6 282.6 
2 700 813.2 1513.2 2 700 1475.1 2175.1 
3 500 2071.6 2571.6 3 500 2091,3 2591.3 
Total 1362 2884.8 4246.8 Total 1482.6 3566.4 5049.0 
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less when compared to 647 hours hired under a similar model when hand 
tools were the only source of power. The nodel also performs better 
than Model IIB where 351 hours of labor are hired when herbicide is 
used on a fam of similar size. During the third through the fifth 
years, labor bottleneck of Period 2 worsens as farm size becomes larger 
and larger. 
Additional labor needed to be hired on 8 ha farm is just as much 
as the family can provide in the peak season, while hired labor on 12 
ha farm is more than twice the family labor in Period 2 of the year. 
Hired labor during May-August for a 12 ha farm under hand system is 
about 3.2 times as much as what the family provides. 
In period 3 of the year, there is very little difference between 
this model and Model IB which is based solely on hand power. This is 
mainly because oxen are rarely used for harvesting and transportation. 
Hired labor constitutes about 40 percent needed during the harvesting 
period for a four-hectare farm, but constitutes over 72% of total labor 
requirements on a 12 ha farm. 
Table 6.25. Labor shadow prices. Model IIIB 
Slack Shadow prices 
Year Period 1 Period 2 Period 3 Period 1 Period 2 Period 3 
1 175.4 109.3 — — — .23 
2 135.9 — — — .22 .22 
3 96.4 — __ .20 .20 
4 56.9 — —— — .18 .18 
5 17.4 — — — .17 .17 
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Land and land renting activities 
All land available and the maximum quantity of land allowed to be 
rented are rented and used up each year. Farm size attains the maximum 
of 12 ha attainable in the fifth year. Shadow price of land which is 
the value of marginal productivity of land is N283 in the first year 
with 4 ha available and declines to N177 in the fifth year with 10 ha 
available. The declining trend is due to increase in the amount of land 
available and the discounting process. Rented land's shadow price 
also declines from K175 in the second year to N157 in the fifth year 
for the same reason. The magnitude of the shadow prices indicates 
that more land can still be profitably employed. 
Financial activities 
A sum of N605 is borrowed to purchase oxen and equipment in the 
first year and it is assumed that the oxen will be used for the rest 
of the years in the plan. In addition, N212.6 is borrowed for operat­
ing expenses in the first year. The loan borrowed to purchase oxen is 
repaid in five equal installments for the life of the plan and all 
capital borrowed for operating expenses is repaid in full plus interest 
at the end of the year in which it is borrowed. In the second year, 
a sum of N243.7 is borrowed and as from then, the amount borrowed 
becomes smaller from year to year as farm size grows- Only N55.5 is 
borrowed the last year when farm size is 12 ha. All money borrowed 
as from the third year is to finance labor hiring activity in the 
harvesting time. 
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Equity or owned capital grows as farm size increases from N300 in 
the first year to N1915.30 at the end of the fifth year. This has 
been made possible by transferring half of the net income made in one 
year to the following year as capital base. There is no unused owned 
capital in this model as in Model IIlA and this is why money has to be 
borrowed every year for operating expenses. 
Family consumption expenditure is a major drain of the income 
stream. Like all other models in this study, a fixed consumption 
expenditure of N250 plus 50% of net returns above N250 constitutes the 
annual consumption fund. Consumption expenditures increase with the 
scale of operation and income. It rises from N806 in the first year 
to N2,165.3 in the fifth year. 
The discounted value of the objective function for this model 
is rtl0,524.9. It is larger than the values of the objective functions 
in similar Models IB and IIB where hand and herbicides, respectively, 
are the major sources of farm power. It also follows that the annual 
incomes in this model are larger than those of the other two models. 
Less operating capital is borrowed in this model than in the other 
two. However, incomes here are less than those of Model IIIA. 
Comparison of Models IB, IIB, and IIIB 
The three models share the common objective of maximizing the 
discounted net returns subject to the condition that minimirm quantities 
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of sorghum and cowpea must be produced and not more than half the avail­
able land area in any year should be planted with maize. Model IB 
assumes the use of hand tools as the sole means of cultivation, while 
Models IIB and IIIB assume the use of herbicides and oxen, respectively, 
in addition to hand labor. 
Crop activities in the solutions for the three models are the 
same and, hence, the farm sizes are the same. As indicated in Table 
6.26, the discounted net incomes for the oxen model is highest with 
the value of H10,525, followed by hand model with the income of N10,222.2 
and N9,215.3 for the oxen model. 
An average of 22% of total labor is saved with the use of oxen 
as compared with about 10% of total labor saved when herbicide is 
used. Labor saved with the use of oxen varies from 20% when the farm 
size is 4 ha to 27% when the farm size is 12 ha. Average labor saved 
on the farm during the peak season 2 is 27% for the oxen technology and 
22% with the use of herbicides. About 18% of labor needed at period 
3 is saved if oxen are used to supplement labor. 
Section 3 
The proceeding sections of this analysis deals with situations 
in which land is the only specified resource restraint. However, limita­
tion on land indirectly puts a limit on capital and labor that are 
needed to operate the farm. Additional labor can be hired to supple­
ment family labor and capital can be borrowed without limit as long 
as it is profitable to do so. 
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Table 6.26. Comparison of optimum solutions. Models IB, IIB, and IIIB^  
Accumulated Optimum 
Net capital Borrowed Family farm size 
Year income transfer capital expenditure Surplus (ha) 
1 Nil 70.9 N 300 S276.9 N 835.5 4 
1057.5 300 384.8 778.7 4 
1112.3 300 212.6 706.1 4 
2 1743.6 585.5 357.3 1121.8 6 
1412.8 528.7 574 956.4 6 
1765.4 814.5 255.9 1132.7 — 6 
3 2369.3 871.8 394.8 1434.6 WW 8 
2289.9 706.4 754.7 1314.0 8 
2451.8 882.7 201.8 1475.9 —— 8 
4 2993.8 1184.6 360.7 1796.9 10 
2691.1 1144.9 708.9 1595.6 10 
3258.9 1225.9 131.1 1824.3 265.4 10 
5 3605,1 1496.9 430.6 2052.6 _ 12 
3265.5 1345.5 415.7 1882.8 —— 12 
3830.6 1574.3 55.2 2165.2 12 
6 1802.5 
1632.8 
1915.3 
Model IB 
Total discounted net income S10,222,2 
Total hectares cultivated 40 
Return/hectare N 255.56 
Return/man-hour (total) .48 
Return/man-hour (May-Aug) 1.0 
Return/man-hour (Sept-Dec) .98 
Model IIB Model IIIB 
N9,215.3 
40 
N 230.38 
.48 
1.25 
.88 
KIO,525-0 
40 
N 263-13 
.64 
1.52 
1.23 
^op figure in each year is Model IB, the middle figure is Model IIB, 
and the lower figure is Model IIIB. 
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Table 6.27. Comparison of labor utilization. Models IB, IIB, and IIIB 
Year Type Hand Herbicide Oxen 
Labor 1 155,8 155.7 124.6 
Labor 2 815.2 632.9 590.7 
Labor 3 1027.0 1027.0 826.1 
Total 1998.0 1815.6 1541.4 
Labor 1 213.6 213.5 164.1 
Labor 2 1347.4 1050.9 986.8 
Labor 3 1559.0 1559.0 1267.4 
Total 3120.0 2823.4 2418.3 
Labor 1 271 271.3 203.6 
Labor 2 1879.6 1470.9 1382.6 
Labor 3 2091.0 2091.0 1708.7 
Total 4241.6 3833.2 3294.6 
Labor 1 329.2 329.1 243,1 
Labor 2 2411.8 1890.9 1779.0 
Labor 3 2623.0 2623.0 2150.0 
Total 5364.0 4843.0 4172.1 
Labor 1 387 386.9 282.6 
Labor 2 2944 2310.9 2175.1 
Labor 3 3155 3155.0 2591.3 
Total 6486 5852.8 5049.0 
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The concept of an "average" farm cannot capture the real situations 
of all farms in the area. Resources in terms of labor, capital and 
ability to borrow capital are not the same for individual farms. In 
order to represent farming situations for a wider spectrum of individuals 
in the area, modifications consistent with true observations in the area 
and hypotheses made about them are required. 
Variation Models 
Variations in the original models are made principally with respect 
to the assumptions made about either the supply and demand for labor 
and are as follows. 
1. A total of 1500 hours of family labor divided into three periods 
is assumed. This is based upon the assumption that the farmer spends 
part of his time in off-farm employment which is not included in this 
study for lack of sufficient information. There is no consensus as 
to the amount of family labor that is employed on family farms. Studies 
in the area by different researchers (49, 54, 25, 4) reported different 
proportions of family labor employed on the farms even though these 
studies were carried out in different locations and at different times. 
Farmers have in the past recognized the peak labor demand period 
of May-August and have responded by working longer hours per day than 
in the other two periods, but the result of the earlier section indi­
cates that Sept-Dec harvesting period labor requirement is even more 
constraining than the already known peak season. 
The first modification of the original basic models is to increase 
the family labor supply from its current level by 300 hours 
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simultaneously each in May-Aug and Sept-Dec seasons. This would be 
at the expense of other non-farm activities if any and it is expected 
that the farmer would do so if the opportunity cost of working on the 
farm at these periods is greater or at least equal that of working 
else where. In general, it is logical to expect a farmer to derive 
some incentive to work a little harder to supply the needed labor to 
harvest a bumper crop. 
2. Labor demand for the improved crop practices is much higher 
than that of traditional technology. As farmers attempt to expand 
their farming business, the general demand for hired labor would rise 
and consequently labor wages would rise since the supply of hired 
labor is not infinitely elastic. Elementary economic principle dic­
tates that the quantity demanded of an input whose price is going up 
will be reduced. 
Since increased labor costs can be a good justification for investi­
gating alternative techniques to hand labor, current labor wage rate per 
hour is increased from 21k to 51k to see its effect on income, resource 
utilization and farm organization. 
3. Capital limitation has not been considered directly in this 
study, but it is by no means vital to farm business growth. It is, 
however, implicitly recognized in the choice of farm size and the magni­
tude to which it can grow. Also in the earlier models, no limit is 
placed on the amount of labor to be hired provided it is profitable 
to do so. In actual life, a number of factors do restrict the amount 
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of capital that can bs hired, especially at the peak labor demand 
period of May-August. 
Norman in (35) has convincingly argued that there are no landless 
laborers in the rural area and the supply of hired labor can be limited 
by the fact that most potential farm laborers would be busy on their 
personal farms during the peak season. Capital availability can put 
a limit to the amount of labor that a farmer can hire. Labor hiring 
is by far the most important item of cash expenditure in crop produc­
tion in the area. It constituted an average of 57% of total cash 
expenses in the Zaria study (49). Hiring of labor during the peak 
season may be limited for two reasons. Firstly, there is no class 
of landless laborers in the rural area. Therefore, the period hired 
labor is most in demand is the time when individuals who do it are 
also very busy on their own farms. Secondly, the low level of cash 
resources during this period imposes a practical restriction on the 
amount of labor that can be hired. Formal loans are often granted 
both in cash and kind to purchase improved inputs, but because of 
possible misuse of funds granted in cash and possibly because of a 
lack of awareness of the increased labor input that accompanies the 
adoption of improved technology, such credit programs have often not 
been extended to hiring extra labor input. 
In the light of these experiences in the area, modification is 
made in the original models to limit the amount of labor that can be 
hired to 500 hours during the peak season while leaving the labor 
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hiring activities for the other two seasons unrestricted. Matlon (43) 
reported that he found no evidence of shortage of hired labor provided 
the farmer can afford to pay in a study in the neighboring Kano state. 
However, evidence of labor shortage abounds in Zaria area in the form 
of delayed execution of farm operations such as weeding and ridging 
until hired labor can be found. This situation is expected to worsen 
as more farmers adopt improved practices and farm sizes increase if 
the farm power source remains unchanged. 
Summary and Comparison of Models lAl, IIAl, and IIIAl 
Model lAl's objective function is to maximize the discounted 
value of net returns as in Model lA. But, in addition. Model lAl 
assumes an increase in the quantity of family labor supply in May-
Aug and Sept-Dec seasons each by 300 hours and the technique of pro­
duction be based solely on hand tools. Models IIAl and IIIAl share 
other assumptions with Model lAl except the techniques of production 
include the use of herbicides and oxen, respectively. 
Obj ective functions 
From Table 6.28, the values of the objective functions increase 
as a result of increases in the family labor supply mainly because 
of the reduction in the cost of hired labor. One would normally 
expect an increase in labor supply to benefit a farmer whose sole 
supply of power is based on hand tools more than either a farmer who 
supplements his labor by the use of herbicides or oxen. The discounted 
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Table 6.28. Summary and comparison of optimum solutions. Models lAl, 
IIAl, and IIIAia 
Accumulated 
Net capital Borrowed Family Farm size 
Year income transfer capital expenditure (ha) 
1 N1744.4 X 300 N253.7 N1122.2 4 
1615.1 300 376-2 1057.6 4 
1696.3 300 179.2 1098.2 4 
2 2518.6 872.2 •• • 1509.3 6 
2411.1 807.6 215.8 1455.6 6 
2626.4 848.2 —— 1563.2 6 
3 3556.4 1258.3 2028.2 8 
3307.6 1205.6 103.3 1903.5 8 
3591.3 1313.2 — 2045.7 8 
4 4305.9 1778.2 2403.0 10 
4086.9 1653.8 49.8 2293.5 10 
4505.4 1795.7 — 2502.7 10 
5 5151.5 2153.0 2825.8 12 
4891.7 2043.5 16.5 2695.9 12 
5418.6 2252.7 — 2959.3 12 
6 2575.8 
2445.9 
2709.3 
Hand Herbicide Oxen 
Total discounted , net income N14,999.4 N14,156.0 «15,416.2 
Total hectares cultivated 40 40 40 
Return/hectare K 374.9 N 353.9 N 385.41 
Return/man-hour (total) .74 .76 1.09 
Return/man-hour (May-Aug) 2.06 2.5 3.06 
Return/man-hour (Sept-Dec) 1.23 1.16 1.8 
^op figure in each year is Model lAl, the middle figure is Model 
IIAl, and the lower figure is Model IIIAl. 
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net returns are increased by 4% in hand method, also by 4% for herbicide 
technology, and 3% for the oxen method as a result of using more family 
labor. 
Crop activities 
There is no difference in the optimum crop plans from those in 
the standard models. 
Labor activities 
There is no difference between the total quantity of labor used 
in these models and in the standard models. This is because there 
is no difference in the optimum crop plans. However, additional 
quantities of family labor substitute for hired labor. 
Only 29 hours of the added 300 hours during May-Aug season are 
used in the first year under hand cultivation while none is used by 
the farmer using either herbicides or oxen. In the second year, 
with 6 ha farm size, all the additional labor during May-Aug is used 
up in the hand method, about half is used up under herbicide and only 
one-sixth of the additional labor is used under oxen regime. It is 
not until the third year and when the farm size has increased to 8 ha 
that everybody regardless of the form of farm power begins to benefit 
fully from the increased labor supply in Period 2. All the additional 
family labor input during Sept-Dec season is completely used up, not­
withstanding the form of farm power techniques or farm size, so that 
the benefit is even for all. 
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In absolute terms, the farmer using only hand method benefits 
more than others from an increase in family labor supply during May-
Aug season. He derives more benefit in the early years when the farm 
size is small than his counterparts using herbicide or oxen, while 
all farmers benefit equally when the farm size is large and all the 
additional labor can be used up. 
Financial activities 
Annual incomes rise slightly as a result of increase in family 
labor supply. This comes from a reduction in labor costs. Both 
family consumption expenditures and capital transfer rise slightly 
more than those in the standard models. The amounts of borrowed 
capital are also less. 
Summary and Comparison of Models 131, IIBl, and IIIBl 
Model IBl's objective function is to maximize the discounted 
net returns subject to the condition that minimum levels of some food 
crops be produced when family labor supply is increased in May-Aug 
and Sept-Dec seasons by 300 hours and that the technique of produc­
tion be based solely on hand tools. Model IIBl has the same objective 
as Model IBl except that weeding is partially done by means of herbi­
cides and Model IIBl has the same objectives as the two above, except 
that human labor is supplemented by the use of oxen and implements. 
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Table 6.29. Summary of optimum solutions. Models IBl, IIBl, and IIIBl 
Accumulated 
Net capital Borrowed Family Farm size 
Year income transfer capital expenditure (ha) 
1 N1264.2 N 300 K130 N 882.1 4 
1124.9 300 321 812.5 4 
1179.7 300 149.6 839.8 4 
2 1869.6 632.1 184 1184.8 6 
1613.0 562.5 414.3 1056.5 6 
1899.7 589.8 99.0 1199.8 6 
3 2495.3 934.8 292.1 1247.7 8 
2368.8 806.5 528.7 1434.4 8 
2591-3 949.8 8.7 1545.6 8 
4 3139.8 1247.7 79.8 1819.9 10 
2828.7 1184.4 572.6 1664.4 10 
3274.6 1295.6 1887.3 10 
5 3745.1 1569.9 231.7 2122.6 12 
3378.4 1414.4 600.5 1939.2 12 
3974.6 1637.3 — 2228.3 12 
1872.6 
1689.2 
1978.3 
Hand Herbicide Oxen 
Total discounted net income 510,806.8 N9,750.3 Nil,056.3 
Total hectares i cultivated 40 40 40 
Return/hectare N 270.17 N 243.16 N 276.41 
Return/man-hour (total) 0.49 0.51 0,67 
Return/man-hour (May-Aug) 1.07 1.33 1.60 
Return/man-hour (Sept-Dec) 1.03 0.93 1.29 
^The top figure in each year is Model IBl, the middle figure is 
Model IIBl, and the lower figure is Model IIIBl. 
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Objective functions 
There is about 6% increase in the overall values of discounted 
incomes for both the hand farner and that using herbicides as a result 
of an increase in family labor supply while income of the farmer using 
oxen rises by 5%. The increases in income are due to the reduced cost 
of hired labor as there are no changes in the optimum crop patterns 
for any of the three models when compared with their respective 
standard models. 
Labor activities 
About 115 hours of the increased labor is used during the first 
year for the hand technique models while none of the additional labor 
input in May-Aug season is used by a farmer using herbicide or oxen. 
As from the second year and henceforth, both hand and herbicide tech­
nologies would use up all the additional labor of 300 hours during 
the months of May-June. About 80% of the added labor input in period 
2 is used by oxen method in the second year. 
This implies that additional increase in family labor by 300 
hours in May-Aug can eliminate hired labor totally on a 4 ha farm 
under hand system, but cannot eliminate hiring of labor during the 
harvesting period. A farmer who uses herbicides to partially control 
weeds and can increase family labor inputs by 300 hours is capable 
of eradicating labor hiring during the peak labor demand of May-Aug 
on a 6 ha farm, but has to hire labor at harvesting time. A farmer 
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using oxen can supply 1000 hours of family labor during May-June season 
and 800 hours during Sept-Dec season, does not need to hire labor 
on a 4 ha farm any time of the year, and only needs to hire labor 
during the harvesting season for a 6 ha farm- Labor hiring activities 
are essential during periods 2 and 3 regardless of the type of power 
source being considered for any fam size above 6 ha. 
Financial activities 
Annual incomes, consumption expenditures and transferred capital 
increase slightly as a result of increase in family labor supply. 
Amounts of capital borrowed also decrease as shown in Table 6.29. 
Summary and Comparison of Models IA2, IIA2, and IIIA2 
Model IA2 investigates the effects on the optimum solution in 
Model lA under hand power system when the current wage rate is increased 
to 51k per hour. Models IIA2 and IIIA2 share all other assumptions 
with Model IA2 except the use of herbicides and oxen, respectively, 
that is assumed to supplement hand labor. 
Ob.i ective functions 
A decline is generally expected in the values of the programs 
of the standard Models lA, IIA and IIIA as a result of an increase in 
wage rate. One would expect an increase in the price of labor to hurt 
a farmer who relies solely on hand labor than one who uses any form of 
labor-saving technique. A farmer using hand power only suffers about 
28% income reduction, while the one using herbicides suffers 25% and 
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Table 6.30. Summary of optimum solutions. Models IA2, IIA2, and IIIA2^  
Accumulated 
Net capital Borrowed Family Farm size 
Year income transfer capital expenditure (ha) 
1 K1446.0 N 300 K435 N 973 4 
1331.7 300 547.2 915.9 4 
1521.7 300 295.8 1010.9 4 
2 1961.2 723 408.4 1230.6 6 
1802.7 665.9 564.5 1151.4 6 
2310.6 760.9 115.1 1405.3 6 
3 2520.9 980.6 463.9 1510.5 8 
2519.6 901.4 667.3 1509.8 8 
3008.3 1155.3 7.0 1754.2 8 
4 3078.3 1260.5 449.8 1789.2 10 
2971.4 1259.8 703.6 1735.7 10 
3718.2 1504.2 2109.1 10 
5 3631.6 1539.2 534.4 2065.8 12 
3521.3 1485.7 622.8 2010.7 12 
4427.3 1859.1 — 2463.7 12 
6 1815.8 
1760.7 
2213.7 
Hand Herbicide Oxen 
Total discounted net income N10,416 510,040 N12,610 
Total hectares cultivated 40 40 40 
Return/hectare N 260.4 N 251.0 N 315.3 
Return/man-hour (total) .52 .54 .89 
Return/man-hour (May-Aug) 1.43 1.78 2.5 
Return/man-hour (Sept-Dec) .85 .82 1.47 
^he top figure in each year is Model IA2, the middle figure is 
Model IIA2, and the lower figure is Model IIIA2. 
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that using oxen sustains only 15% incone loss. The main source of 
income loss is due to the increased cost of hired labor. The increase 
in wage rate does not affect the optimum crop pattern or farm size in 
any of the models. 
Labor activities 
Since the optimum crop patterns in the solutions is the same 
regardless of form of power, no changes are introduced in the quanti­
ties of labor utilized as a result of increased wage rate. 
Financial activities 
Annual incomes decline as a result of higher wage rate, but income 
decline is not much in the first two years with relatively smaller 
farm sizes when not too much labor input is needed to be hired, 
especially for the herbicide and oxen models. The amounts of capital 
to be borrowed increase and both consumption funds and capital trans­
fers decline. 
Summary and Comparison of Models IB2, IIB2, IIIB2 
Model IB assumes the use of hand power technology and its objec­
tive is to maximize the discounted net returns when restrictions are 
imposed on the levels of some crop activities. Model IB2 is a modi­
fication of Model IB plus the condition that wage rate be increased 
by 30k, Models IIB2 and IIIB2 have all other assumptions with Model 
IB2 except that herbicides and oxen, respectively, are used to augment 
hand labor. 
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Objective functions 
Table 6.31 shows the values of the objective functions for the 
models. There is a decline of 36% in the net income of the hand 
fanner. A farmer who uses herbicide has about 30% income loss, and 
the oxen farmer suffers about 25% income reduction as a result of 
increase in wage rate. 
Crop activities 
The reduction in income is not only as a result of the increase 
in wage rate, but because of changes in optimum farm plans and, in 
certain cases, curtailment of the optimum farm size. The optimum farm 
size growth attained at the end of the planning horizon is 8.6 ha 
for both hand and herbicide systems while the optimum farm size for 
oxen model is 12 ha even when the wage rate is 51k per hour. 
Labor activités 
In this set of models, the quantities of labor demanded actually 
decline because of increased wage rate as expected. For the hand 
technique, the percentage reduction in quantity of labor used ranges 
between 7% in the first year with 4 ha farm size to 38% in the fifth 
year with 8.6 ha farm size. The reduction in labor input utilized 
is as a result of increased wage rate as well as reduction in the 
size of business. For details see Table A.5 of the Appendix. 
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Table 6.31. Suramary of optimum solutions. Models IB2, IIB2, and 11132^  
Accunulated 
capital Borrowed Family Farm size 
Year transfer capital expenditure (ha) 
1 N1011.2 N 300 * 750.6 4 
898.9 300 699.5 4 
1014.5 300 757.3 4 
2 1297.6 500.6 898.8 6 
1503.6 449.5 870.4 6 
1483.9 507.3 992.0 6 
3 1628.7 648.8 1064.4 7 
2032.0 620.4 1023.5 7.1 
1931.5 742.0 1215.8 8 
4 1910.0 814.4 1205.0 8 
2391.2 773.5 1166.0 7.8 
2346.8 965.8 1423.4 10 
5 2167.3 955.0 1333.7 8.6 
2762.7 916.0 1292.5 8.6 
2760.7 1173.4 1630.4 12 
6 1083.7 
1042.8 
1380.4 
Total discounted net income «6,569.7 S6,287,7 N7,880.2 
Total hectares cultivated 33.6 33.5 40 
Return/hectare K 195.5 S 187.7 N 197 
Retum/man-hour (total) .42 .44 .56 
Retum/man-hour (May-Aug) 1.12 1.40 1.59 
Retum/man-hour (Sept-Dec) .76 .73 1.03 
^The top figure in each year is Model IB2, the middle figure is 
Model IIB2, and the lower figure is Model IIIB2. 
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Financial activities 
The components of financial activities suffer a general decline 
as a result of an increased wage rate and a cut-back in the size of 
operation. 
Summary and Comparison of Models IA3, IIA3, and IIIA3 
Factors other than the wage rate that can affect the quantity of 
labor hired by individuals during the peak labor demand period of May-
Aug season have been discussed earlier. Models IA3, IIA3, and IIIA3 
examine the effects on the optimum plans in Models lA, IIA, and IIIA 
if for any of the reasons that have been discussed, the quantity of 
labor that can be hired cannot exceed 500 hours during the peak season 
while no limit is placed on the labor-hiring activities in the other 
two periods. Model IA3 assumes the use of hand labor only. Model IIA3 
assumes the use of herbicides, and Model IIIA3 assumes the use of 
oxen on the farm. 
Obj ective functions 
Because of the restrictions in hired labor, the values of the 
discounted incomes decline by 24% in the hand model, by 11% when 
herbicide is used and by only 7% with the use of oxen. 
Crop activities 
Maize still remains the sole crop in the optimum solutions of 
the models regardless of the form of farm power. However, the optimum 
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Table 6.32. Summary of optimum solutions. Models IA3, IIA3, and IIIA3 
Accumulated 
Net capital Borrowed Family Farm size 
Year income transfer capital expenditure (ha) 
1 K1670.6 N 300 N322.7 N1085.3 4 
1547.7 300 439.2 1023.8 4 
1628.1 300 254.1 1064.1 4 
2 2478.2 835.3 149.9 1489.1 6 
2335.4 773.8 343.1 1417.7 6 
2551-5 814.1 — 1525.7 6 
3 2969.4 1239.1 1734.7 6.6 
3143.2 1167.7 267.2 1821.6 8 
3686.8 1275.1 — 2093.4 8 
4 2786.6 1484.7 1643.3 6.6 
3404.0 1571.6 —— 1952.2 8.5 
4172.0 1843.4 —— 2336.0 9.5 
5 2786.6 1393.3 m 1643.3 6.6 
3416.8 1702.4 1958.4 8.5 
4215.9 2086.0 2358.0 9.5 
6 1393.3 
1708.4 
2108.0 
Hand Herbicide Oxen 
Total discounted net income N10,992.4 N12,105.1 N13,915.8 
Total hectares i cultivated 29.8 35 37 
Return/hectare N 368.9 N 345.9 N 376.10 
Retum/man-hour (total) 0.73 0.76 1.08 
Retum/man-hour (May-Aug) 2.03 2.45 1.98 
Retum/man-hour (Sept-Dec) 1.21 1.13 1.80 
^The top figure in each year is Model IA3, the middle figure is 
Model IIA3, and the lower figure is Model IIIA3. 
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farm growth for hand technology is 6.6 ha, 8.5 ha if herbicide is 
used, and 9.5 ha with the use of oxen. As expected, the farmer who 
uses hand tools only is worse off than his counterparts using some 
form of labor-saving technique if there is a shortage of hired labor. 
Labor activities 
The labor restriction assumed constitutes no problem to hand-
operated farmer until the third year when the farm size exceeds 6 ha, 
while the same restriction does not affect a farmer using herbicides 
and that using oxen until the fourth year when farm expansion exceeds 
8 ha and 9 ha, respectively. The quantities of labor utilized in the 
other two seasons of the year when labor input is not assumed to be 
restricted also decline because of the labor shortage during May-Aug. 
This supports the assertion that the amount of labor a farmer can 
provide at this period not only determines the area of land he can 
cultivate, but the scale of farming activities he can carry out for 
the rest periods of the year (35). 
Financial activities 
Annual incomes indicate no changes in the first two years when 
labor restriction is not binding on the hand farmer. His annual 
income peaks in the third year and remains fairly constant until the 
fifth and final year. Annual incomes remain unchanged from the opti­
mum situations if labor were not limited for the first three years 
for both the herbicide and oxen farmers. Labor becomes limiting as 
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from the fourth year and the peak income earnings occur during the 
final year. 
Summary and Comparison of Models IB3, IIB3, and IIIB3 
Model IB3's objective function is to maximize the discounted 
stream of incomes for a period of five years, subject to conditions 
that some food crops be produced at least in some minimum quantities, 
that the main mode of cultivation is the use of human labor only and 
that the amount of labor input that can be hired during May-Aug period 
should not exceed 500 hours in any year. It is a modification of 
Model IB. Models IIB3 and IIIB3 are also variations of Models IIB 
and IIIB if quantities of labor that can be hired during May-Aug period 
are restricted to 500 hours. 
Objective functions 
The discounted net income for the hand technique is N8,572, which 
is 16% lower than it would have been if labor input had not been 
restricted. The value of the objective function under herbicide 
method is N8,743 and it is only 5% less than the situation when labor 
is not restricted. It should also be noted that this is one of the 
few occasions when net income for herbicide technology exceeds that 
of hand method. 
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Table 6.33. Summary of optimum solutions. Models IB3, IIB3, , and IIIB3^  
Accumulated 
Net capital Borrowed Family Farm size 
Year income transfer capital expenditure (ha) 
X N1170.9 K 300 K276.9 N 835.5 4 
1057.3 300 584.8 778.7 4 
1108.1 300 272.8 804.0 4 
2 1714.7 585.5 317.1 1107.4 6 
1568.0 528.7 574.0 1034.0 6 
1769.5 554.0 197.8 1134.8 6 
3 2130.3 857.4 121.5 1315.2 6.9 
2108.3 784.0 559.7 1304.1 8 
2397.5 884.8 141.9 1448.7 8 
4 2467.7 1065.2 • I — 1483.9 6.7 
2548.2 1054.1 488.4 1524.1 9.5 
2931.4 1198.7 — 1715.7 9.9 
5 2447.2 1233.9 • • 1473.6 6.7 
2826.5 1274.1 211.6 1663.2 9.1 
3586.0 1465.7 — 2043.0 9.8 
6 1223,6 
1413.2 
1793.0 
Hand Herbicide Oxen 
Total discounted . net income N8 ,572.0 N8 ,742.9 K9 ,859.3 
Total hectares cultivated 30.3 36.6 37.7 
Return/hectare N 282.9 K 238.88 K 261.52 
Retum/man-hour (total) 0.58 0.55 .71 
Retum/man-hour (May-Aug) 1.53 1.66 1.90 
Retum/man-hour (Sept-Dec) 1.07 .94 1.31 
^he top figure in each year is Model IB3, the middle figure is 
Model IIB3, and the lower figure is Model IIIB3. 
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Crop activities 
The optimum crop plan for hand system in the first year is just 
as if there is no restriction on labor because labor requirement at 
this stage is just within the allowed limit. As from the second year 
when labor input becomes limiting, the crop pattern changes to crop 
plans consisting of more sorghum and very little or no groundnut 
production. Under herbicide system, the crop pattern in solution of 
the models with restricted labor is exactly like that in the model 
without any restriction in the first two years of the planning horizon. 
It is also due to the fact that hired labor is not needed at all 
during May-Aug season in the first year and less than 500 hours of 
hired labor is required when herbicide is used on a 6 ha farm. The 
restriction on hired labor is binding on the farm which uses oxen 
also in the third year. The maximum farm size obtained under hand 
system is 6.6 ha, 8.5 ha for herbicide, and 9.5 ha for oxen. 
Labor activities 
During those years in which the labor restrictions during May-
Aug seasons are effective, labor utilization during the other seasons 
of the year is also curtailed even though no restriction is assumed. 
More family labor during Jan-April season is used by all the models. 
In cases where there are no restrictions on labor, family labor during 
April-Jan is never used up. But with restrictions of the amount of 
labor, not only is the total amount of family labor used up, hired 
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labor input is needed as farm size grows larger. The maximum amount 
of land allowed to be rented is not achieved in any of the models; 
hence, the maximum farm size allowed is not achieved under any culti­
vation method. 
Financial activities 
As from the third year, when hired labor in period 2 becomes a 
problem for the hand technique model and whereas it is not yet a prob­
lem for the herbicide technique, annual incomes under herbicide system 
become higher than incomes under hand system. In the first year, 
when the farm size is only 4 ha, the net income of the farmer using 
only hand labor is higher than those using either herbicide or oxen. 
As from the second year, annual incomes of the oxen farmer become 
greater than those using either hand or herbicide. Capital is required 
to be borrowed only in the first year for the oxen system and for 
the first two years under the hand system. More money is borrowed 
for the herbicide-treated farm and is needed in three of the five 
years. 
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CHAPTER VII. SUMMARY AND POLICY IMPLICATIONS 
Farms that are too small will always result in low income. 
Efficiency alone, if at all, is not enough to justify small farms 
for many studies have shown that many farms earn unsatisfactory incomes, 
even when operated most efficiently (10, 17, 27). Even when other 
yield-increasing technologies such as fertilizer and chemicals are 
used, many farms in the area are too small and unviable to take advantage 
of planning and other improved technologies. Since bigger farms are 
not made overnight, it is the desire to achieve viable and efficient 
farm size that led to the first objective of this study to develop 
a growth model for the small farmers in the area. 
Already there is the problem of labor shortage during the growing 
and harvesting seasons of the year. Therefore, planning of any expan­
sionary or growth strategy will not be complete without considering 
alternative power bases to augment human labor which is now the main 
means of cultivation in the area. It is the attempt to solve the 
seasonal labor bottleneck and to create a better environment for farm 
business expansion that led to the objective to compare production 
possibilities when herbicides and oxen are used on the farm. 
Although intercropping is the most prevalent system in the area, 
most improved technological packages are for sole crops. It is of 
interest to investigate economic organization of improved sole crops 
on small farms. 
168 
This set of objectives is achieved by means of multi-period linear 
programming technique. 
Since resource supplies and wage rate paid may vary among indi­
vidual farmers, modifications are made in the basic models to achieve 
the last set of objectives of examining variations in resource supply 
and different wage rates in accord with the author's analytical insight 
of the agricultural problems in the area. 
Models lA, IIA, and IIIA are solved as basic models using maxi­
mization of discounted net returns from the most profitable crop or 
combination of crops as the objective functions. Model lA assumes 
the use of hand tools only in production of a given set of annual 
crops. Model IIA assumes supplementing human labor with the use of 
herbicides that only reduces weeding labor requirements by half, and 
Model IIIA assumes the use of oxen in the production of the same set 
of crops. 
Starting with 4 ha in the first year, each of the models attains 
the maximum farm size of 12 ha permissable at the fifth and final 
year. Oxen technology model has the highest discounted net income 
for the entire period, followed by hand labor system, and the least 
income results from the use of herbicides. The explanation for this 
is that the oxen system involves some fixed cost assets in oxen and 
implements which reduces per unit cost as years go by and farm size 
increases. The bulk of production costs involved in hand labor and 
herbicide systems are variable costs which are constant throughout. 
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Herbicide technology cost per ha is higher than it is for any of the 
other two methods and the amount of labor displaced by its use is not 
enough to offset the costs given the relatively low wage rate. Results 
of annual incomes indicate that annual income during the first year 
is higher for the hand method than for oxen. This is due to high 
fixed cost on the oxen treated farm in the early years. This raises 
the question of whether a farmer with holdings less or equal to 4 ha 
should bother to change power base. 
The use of herbicide and oxen completely solve the labor shortage 
problem during May-Aug season in the first year when farm size is 
only 4 ha and reduces the problem to the barest minimum in the second 
year with 6 ha farm size. However, the problem resurfaces again 
when the farm size exceeds 6 ha, since a great amount of labor input 
must be hired at this period. The use of herbicide does nothing to 
solve labor shortage problem of the harvesting season while oxen 
utilization offers little help since carting activity for transporta­
tion purposes is not included in the model. 
Apart from a loan of N605 plus the amount borrowed to purchase 
other improved inputs in the first year, no capital is borrowed in 
any other years with the oxen system. Capital generated from farm 
business and transferred to the succeeding years is enough to meet 
capital required on the farm. Capital has to be borrowed for three 
of the five years in the hand model and throughout the planning horizon 
for the herbicide model. 
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Optimum solutions for the three models indicate maize as the 
optimum crop plan for each of the models. This plan is considered 
unacceptable to a small farmer who has to assure himself of provision 
of sufficient food for the family. Although maize is a grain crop, 
it is not a favorite food crop of the people of the area. 
Models IB, IIB, and IIIB assume the same respective production 
techniques as in Models lA, IIA, and IIIA. Their objective functions 
are also to maximize discounted net incomes. In addition, there is 
a proviso that maize production in any year cannot exceed half the 
total land area available, that a minimum of 1.2 ha of sorghum and 
.2 ha of cowpeas must be produced. The results of solutions of B 
models follow the same trend as far as income and labor utilization 
go. Whenever an optimum solution is altered without changing the 
resource levels, the result of the alteration is usually less than 
that of the original solution. Hence, the value of the objective 
function for Model IB is about 29% less than that of Model lA, 
value of the program for Model IIB is about 33% less than Model IIA, 
and Model IIIB's value is 30% less than that of Model IIIA. 
The cropping patterns for Model B's are, however, different from 
those of A models. After the minimum restrictions for sorghum and 
groundnut are met, growth pattern proceeds in the direction of produc­
tion of more maize and groundnuts. Model B's are more labor intensive 
than the A models. 
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An important factor affecting farm growth is the availability 
of unused resource or needed additional resource. When more quantity 
of family labor input is made available during the peak labor demand 
seasons of the year, both the optimum crop plans and the overall labor 
utilization remain unchanged in the basic models- The main differences 
are increases in the net incomes as a result of reduction in the cost 
of hired labor and substitution of "free" family labor for the hired 
labor inputs. 
In other variations of the basic models to examine the effects 
of higher wage rates on the optimum solutions, although the optimum 
crop plans and the physical farm size remain unchanged for the A models, 
net income for Model lA goes down by 28%, 25% income reduction for 
Model IIA, and only 15% income loss for Model IIIA. Net incomes are 
not only reduced in the B models as a result of increased wage rate, 
the optimum crop plans and farm sizes are altered. The optimum farm 
size for farms using either hand only or herbicide is 8.6 ha as a result 
of increased wage rate; whereas, the farmer using oxen can still attain 
a maximum of 12 ha farm size. 
There is a tendency to switch to production of more sorghum at 
the expense of groundnuts, the production of which is more labor-
intensive than sorghum as wage rate becomes higher. 
There are other factors other than wage rate that can affect 
the quantity of labor that can be hired during the peak labor demand 
season of May-Aug season. Some of these are: 1) inadequacy of cash 
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to hire enough labor input because, in general, formal loans are not 
made to hire labor input in the area; 2) physical shortage of hired 
labor, because it has been argued that there is no class of landless 
laborers in the area. This condition can precipitate shortage of 
hired labor because everybody is busy working on his personal farm 
at the critical period. 
When the quantity of labor that can be hired during the May-Aug 
season is restricted to 500 hours per annum, net incomes for the 
models not only decline, but both the crop patterns and farm size 
growth are impeded. A farmer operating on hand technology only can 
only attain a maximum of 6.7 ha farm size growth while the use of 
herbicide can increase farm size to 9.1 ha and optimum farm growth 
for the oxen technology is 9.8 ha. Despite the high cost of herbicide, 
a farm using herbicide earns higher income than the one who depends 
on hand labor only in case of physical shortage of labor. There is 
also a general tendency to switch from the production of groundnut 
to sorghum as labor becomes limiting. 
Because the initial farm size and the amount of land that can 
be acquired in a given year are restricted for reasons stated earlier, 
the farm size results can not be said to be optimum in the strict 
sense of the word. This study can therefore be described as that of 
comparison of relative profitability and resource utilization among 
farms using different cultivation or "mechanization" techniques. 
A farm power technology is judged by its profitability and to what 
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extent it can solve the labor shortage problems of May-Aug and Sept-
Dec seasons. Oxen technology proves to be the most profitable as it 
exhibits some cost economies as farm size increases and the most effec­
tive in solving labor shortage problems in periods 2 and 3. 
Herbicide technology is very effective in solving labor bottleneck 
of May-Aug season on small farms but less profitable than either oxen 
or hand technology. Both herbicide and hand technologies exhibit 
constant returns to scale. Neither of the technologies considered 
is capable of controlling labor shortage problems effectively when 
farm size exceeds 6 ha. The more severe labor shortage problem in 
the models used in this study is in Sept-Dec harvesting season. No 
technology has been able to eliminate hiring of labor completely in 
this period even on the smallest farm size considered. 
Policy Implications 
At low stages of agricultural development, as in Nigeria, the 
labor wage rate for farming is low, while the price of capital and 
capital item is very high. Under these conditions, the resource 
structure or input mix of farming is made up mainly of labor and only 
little of capital. The technology used rests on labor because this 
resource has very low cost to the family. Ball and Heady (10) have 
stated that 
Under labor technology, which is optimum in agriculture of 
less developed nations, there are few scale economies or 
cost reductions under large-scale operations simply because 
so little capital is used. Consequently, there can be and 
ordinarilly is a large number of small farms. 
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The above statement has been very true of the results of this 
study. Too much labor has been used per hectare regardless of farm 
power technology examined. This is reflected in very little differences 
in incomes generated and the very similar cropping plans obtained. 
The result dispels the fear that the introduction of labor-saving 
technology such as the ones examined in this study can lead to 
mass rural unemployment. Most concern over farm size and technology 
has to do with per unit costs associated with farms of different 
magnitudes. The results indicate no economies of scale for hand and 
herbicide technologies and only small cost reductions for large scale 
operations under the oxen system which involves some fixed cost items-
The implication of this is that farms of different sizes can competi­
tively exist side by side when they adopt these technologies. 
Oxen technology as described and used in this study is as it 
is observed being practised by the peasant farmers themselves with 
practically no touch of any research improvement. The implements are 
inadequate for most of the farming operations and the animals are 
generally not in good condition for the tasks they are called upon 
to do. Therefore, the technology is not as efficient as it ought to 
be. More research work is needed to design ox-drawn implements to 
perform inter-row cultivation, planting and fertilizer application 
and transportation. 
The use of herbicides is currently at its infancy in Nigeria. 
Partial weed control is assumed in this study because experience has 
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shown that to expect a complete weed control nay result in yield reduc­
tion in the form of injury to plants in the light of the present 
research capability. Under normal conditions, returns from herbicide-
treated plots are lower than that operated solely on hand labor. This 
is due partly to relatively small quantities of labor replaced by the 
use of herbicides relative to the cost of herbicides and the low wage 
rate assumed. To encourage farmers to use herbicides, apart from 
research assurance as to its safety and efficacy, its profitability 
must improve. This implies that subsidies, such as those for the 
purchase of fertilizers and insecticides, must be extended to herbicides 
to bring its cost down and improve the farmer's profit. 
Maize production technology has shown some superiority over 
most of the other grain crop technologies in the area. If sources 
of uncertainty about market and prices are removed, the farmers in 
the area can earn more money by growing more hectares of maize, even 
if they have to purchase some of their food items. Meanwhile, research 
should continue to improve the yields of the other crops which are 
found less competitive. The results of the range analysis discussed 
in Chapter VI give a summary of suggested yield targets to achieve. 
Price policy can be very effective as an incentive to produce 
more cotton and groundnut since the sales of these crops are handled 
by the marketing board which is an agent of the government, although 
it will be very difficult to implement in the case of the other food 
crops. Meanwhile, yield per hectare must be increased 
significantly. 
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With improved technology, labor bottleneck is not confined only 
to May-Aug period of the year, but it is even more severe in the Sept-
Dec harvesting period. The use of herbicides offers no solution to 
the labor shortage problem of the harvesting season, while the use 
of oxen for cultivation alone also offers little relief. Research 
effort should look into harvesting devices such as com and cotton 
pickers, maize shellers and carting equipment for moving harvested 
crops from the fields. 
Farm mechanization is usually considered an essential part of 
agricultural development. Farm mechanization, which replaces hand 
hoes, may result in a reduction of labor inputs. The amount of reduc­
tion in labor input depends on the particular crops, farm size, and 
the extent and type of mechanization. This study assumes all along 
that Nigeria's interest is to increase agricultural outputs while at 
the same time minimize unemployment, and also to improve the distri­
bution of income. The introduction and use of animals and animal-
drawn equipment and the use of chemical weed control methods are 
considered "relevant" in this study and seem to be the logical starting 
point for mechanization in a country where almost everytliing is now 
done by hand. 
Mechanization by means of tractors and equipment is not considered 
here mainly because of a lack of the necessary data. It is also con­
sidered not appropriate in many cases because such programs have 
seldom benefited the majority of farm population or led to substantial 
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increases in production. However, policy makers should act with the 
assumption that increased mechanization will be necessary in the long 
run to significantly improve rural welfare. Support should be given 
to development of agricultural machinery which can be used profitably 
by large proportion of the nation's farmers and, to a large extent, 
can be produced domestically. High priority should be given to re­
search to improve the effectiveness and efficiency of small scale 
farm equipment such as rotary tillers, small tractors, can threshers, 
and dryers. 
Although capital is not specified explicitly as a constraint 
in the models, yet it is very important. Credit programs are 
necessary to provide funds to supplement whatever fund is internally 
generated on the farm. Labor hiring activity is the principal item 
for which loan funds are required and yet the existing formal loan 
institutions in the area in general do not give loans for labor hiring 
purposes. Credit ought to be extended to labor hiring activities just 
as well as to purchase other inputs. 
Limitations and Suggestions for Further Research 
The reliability of much of the employment data is subject to 
question. The estimates of labor inputs required to complete the 
same operation vary widely from farm to farm and between studies in 
the area even when the same cultivation practices are used for the 
same crop. The data used in this study are derived from different 
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studies in different locations within the Zaria area and undertaken 
at different tines- The labor coefficients for the hand cultivation 
methods are derived once the data on labor requirements for oxen 
cultivation method are known and vice versa.^  The labor requirements 
for the herbicide-treated farm are derived from the hand-operated farm 
labor input requirement with the assumption that the use of herbicides 
would save half the time required to weed by hand. It is, however, 
advisable to use and interpret the data with care because actual 
labor replacement may be more or less than the potential estimated 
replacement. 
This approach of using available data on labor per hectare, with 
and without mechanization, can be justified and has been widely used 
to estimate changes in labor input per unit of output if it is assumed 
that mechanization has no yield effect. For example, Abercombie, 
using data for Columbia in 1972, studied the impact of tractors on 
employment as farm size changes. However, more study is needed to 
obtain actual labor requirements on farm operations for various types 
of mechanizations. 
Fixed and constant prices, yields and technical coefficients are 
used in the models for the entire five years. Prices and yields do 
change annually because of weather, technology, and other supply and 
demand conditions. Technical coefficients can also change over time 
C^onversion factor for land preparation or ridging is based on 
Laurent's (36) studies which estimated 1 man-hour with the use of oxen 
to be equivalent to 3.6 hours of using hand labor. 
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due to new technologies which also require large amounts of capital 
per hectare. Trends in technical coefficients, yields and price 
relationships could be projected into the future and incorporated 
into future farm growth models. The effects of stochastic crop yields 
on farm growth would be an interesting future study. 
Livestock production has not been included in the models of 
this study because of a lack of adequate data. More data collection 
is required on livestock and livestock enterprises such as poultry; 
sheep and cattle production activities should be incorporated into 
future farm growth models. 
Another shortcoming associated with the models used in this 
study is that land or farm size is treated as if it is always found 
in contigous pieces sufficient for the size of farms described in 
this study. In actual situations, individual farms are made up of 
several separate little fields scattered over the area. Unless land 
reform to consolidate farms are implemented, future studies should 
adjust for inefficiencies and growth limitations that may result from 
operating a farm made up of small separate fields. 
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Table A.1. Weights and measure definitions 
Units of measure Equivalents 
Length: 
1 inch 
1 mile 
•03 meters 
1.61 kilometers 
Area: 
1 acre 
1 square mile 
Weight: 
1 pound 
1 pound per acre 
.40 hectares 
2.59 square kilometers 
.45 kilograms 
1.67 kilograms per hectare 
Money; 
HI $1.80 (1979/80) 
Table A. 2. Yield and input requirements per hectare for crop activities 
Activity Unit Maize Sorghum Cotton Groundnuts cw* 
Yield kg 2897 1346 736 1230 1100 
Inputs: 
Seeds kg 25 25 23 50 20 
Fertilizer: 
Superphosphate kg 251 125 126 125 —-
Sulphate of ammonia kg 251 125 126 — —— 
Herbicide: 
Atrazine kg 3.2ai 3.2ai —— — —— 
Diuron kg — — 1.6ai — 
Linuron kg — — 7.6ai — •— 
Natralin kg — — —— 3,2ai — 
Insecticide liters — — 9.9 — 5.6 
C^owpeas. 
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Table A.3. Optimun farm plan. Models IB3, IIB3, and IIIB3^  
Year MZ SG CT GN CW 
1 2 1.2 _ .6 .2 
2 1.2 —— .6 .2 
2 1.2 .6 .2 
2 3 1.2 1.6 .2 
3 1.9 .9 .2 
3 1.2 1.6 .2 
3 4 2.7 !• — 1.1 .2 
4 2.7 — .2 
4 2.4 1.4 .2 
4 5 4.3 .2 
5 1.5 —— —— .2 
5 4.7 " .2 
5 6 2.9 .2 
5.3 1.2 .2 
6 3.6 .2 
^he top figure in each year is Model IB3, the middle figure is 
Model IIB3, and the lower figure is Model 1IIB3, 
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Table A.A. Opcimim farm plan, Models IBl, IIBl, IIIBl - increased wage 
rate (in ha)^  
Year MZ SG CT GN CW 
1 2 1.8 .02 .2 
2 1.2 — .6 .2 
2 1.2 —— .6 .2 
2 3 2.8 .2 
3 2.8 ,2 
3 2.8 — .2 
3 4 2.8 .2 
4 2.9 — .2 
4 3.8 — — .2 
4 5 2.8 , 2  
5 2.6 .2 
5 4.8 .2 
5 6 2.4 .2 
6 2.4 .2 
6 5.8 — .2 
h^e top figure in each year is Model IBl, the middle figure is 
Model IIBl, and the lower figure is Model IIIBl . 
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Table A.5. Sumiaary of labor utilization. Model IB2 
Year Period Family Hired Total 
11 179 ~ 179 
2 700 — 700 
3 500 491.3 991.3 
Total 1379 491.3 1870.3 
2 1 277 — 277 
2 700 327.4 1027.4 
3 500 959.8 1459.8 
Total 1477 1287.2 2764.2 
3 1 300 — 300.0 
2 700 517.5 1217.5 
3 500 1273.5 1773.5 
Total 1500 1791.0 3291.0 
4 1 300 13.6 313.6 
2 700 691.8 1391,8 
3 500 1569.8 2069.8 
Total 1500 2275.2 3775.2 
5 1 300 — 300 
2 700 815.3 1515.3 
3 500 1810.3 2310.3 
Total 1500 2625.6 4125.6 
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Table A,6. Summary of labor utilization. Model IIB2 
Year Period Family Hired Total 
1 1 155.7 — 155.7 
2 630.9 — 630.9 
3 500.0 527.0 1027.0 
Total 1286.6 527.0 1813.6 
2 1 277.7 — 277.7 
2 700.0 65.5 765.5 
3 500.0 959.8 1459.8 
Total 1477.7 1025.3 2503.0 
3 1 300 — 300.0 
2 700 212.2 912.2 
3 500 1274.1 1774.1 
Total 1500 1486.3 2986.3 
4 1 300 — 300.0 
2 700 330.8 1030.8 
3 500 1542.4 2042.4 
Total 1500 1873.2 3373.2 
5 1 300 — 300.0 
2 700 449.4 1149.4 
3 500 1810.8 2310.8 
Total 1500 2260.2 3760.2 
Table A.7. Crop symbols 
Symbol Crop 
MZ Maize 
SG Sorghum 
CT Cotton 
GN Groundnut 
CW Cowpeas 
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Table A.8. Average nonthly requirements by enterprise in man-hourc per 
hectare - herbicide technology 
Month MZ SG CT GN 
Jan .24 32.51 39.49 
Feb — 6.58 19.34 
March 3.42 14.57 2.5 
April — .11 2.5 
May 17.7 37.66 5.71 35.0 
June 70.12 54.49 53.82 96.0 
July 37.10 20.94 56.23 100.5 
Aug 33.64 25.17 44.10 82.5 
Sept 20.58 .95 46.11 40.0 
Oct 242.18 28.89 77.5 
Nov 42.21 22.29 79.13 80.0 
Dec 141.72 53.69 30.0 
Total 463.77 345.73 445.19 546.5 
Table A.9. Average monthly labor requirements by enterprise in man-hours 
per hectare - hand technology 
Month MZ SG CT GN CW 
Jan .14 
Feb 
March 
April 
May 17.73 
June 90.72 
July 57.59 
Aug 33.64 
Sept 20.58 
Oct 242.18 
Nov 42.21 
Dec 
Total 504.85 
32.51 39.49 
6.58 19.34 
3.42 14.57 
.11 
37.66 5.71 
79.19 53.82 
45.64 90.73 
25.17 79.60 
.95 49.11 
— —  28.89 
22.29 75.13 
141.72 53.69 
395.10 510.57 
2.5 — 
2.5 — 
35.0 — 
130.0 — 
137.5 159.7 
82.5 145.25 
40.0 87.95 
77.5 32.8 
80.0 259.85 
30.0 34.65 
617 718.2 
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Table A.10- Average monthly labor requirements by enterprise in man-
hours per hectare - oxen technology 
Month MZ SG CT GN CW 
Jan 
Feb 
March 
April 
May 13.52 
June 62.98 
July 44.01 
Aug 19.10 
Sept 20.58 
Oct 151.46 
Nov 42.21 
Dec 
To tal 353.86 
31.44 39.49 
6.04 19.74 
3.42 14.57 
— 
.11 
27.37 3.76 
64.10 32.07 
35.83 77.89 
13.19 59.42 
.95 28.50 
26.07 
22.29 75.13 
132.83 53.69 
337.40 430.54 
2 
24 
100.3 
110.9 109.7 
55.8 95.2 
40.0 63.95 
77.5 32.8 
60.0 237.85 
30.0 34.65 
502.5 574.15 
